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, THP 

CoHCEPT wc WA>rr 

TO UHC>E1»^TAMC» 

MOTION «*« 

FLAMTrt WHIRL»N6, TBSC4 
FAUIN$. ALL THE l»JW6Me 
“ ]M MOTtCNl) 
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H£|« n i i,TWJe>WT-LlME 
CO«i« «ARt«l> OFF wm 
PO^TtVe Pl^TAHCE^ IH THE 
FOfMARo FlK&moH AM> 
WWTWE 0l9TAHCeE »5T«E 
peVERSE piRKTJOf* 
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UFT'S WlklCH MU FELLOW »61»0VM>T 
UC PRWE^ X CML 0»» TRl? it>0R«- THE AK 

M«iN& wiT« ^oWtmt «Prep them rr 

COVSR^ THE ^W< Pl4n*lCt IW CKH IHTOtvH 
OF HME, VW> WE FiftTC 



<1* vt 




t«6T»Lfa A E(?UM.« SFEEP V 
TlME$ T(M6 "t . »P THE SfEEP 
14 10 nrr£H4/4eCTTH0i 
IH CAClt 4eOWC> 

TW'NCU^ 10 MBT«<i 
1M TWO ^EC0HE>4 
Gcei' 20 METcm, 
tHTHHEE 4KON04 
50 ME-repft, ‘N 
ONE AWHUTE 
too WTER4 



A.M? IH 0H6 
HoOR &W0 ^ 
U6 &0C4 




■^(tOO ^ » 10 »/4 = 5t.000 M - 

36 KA^- 





OWUNfrRl TRiP. 

UP MK> SL0ViN6 tX^ 'i<^» 
<,pg?t> « WOT cow«t»*»t. -n«t* WP^T 
UAPfEN^ 1b W BtOPWIi d »V t ? *P 
V » ^ttAN6lNt», Of V 

W ■^CW USE’ 



I 




y>U COUtP $OLVe THE 
^WtTic»« PbR V To 6ET 

. «o 

f tuAc. ^naa^rtiK mntM^ c*emi9. 

V - 



tHl4 6tue^ THE >^VERA<^ T« 




THE TRIP- rr TCOK THE OCO RtTUftAL 

fHiu>4efneP:4 ► LOWr time 
TO REHI-IZE that aw 
064ECT AL^ HA-i AH 

^PEEP, A AT 

EACH MOMENT. 

That V. TK MUASEA 

yoUR speepoMETtft 









To PEPreSEHT pOTH KWP VlRKTlOM. 



IF PIS60 TrMR.5 N THE HE6JTWE WREOWM, 8 ^ »CNm 6 OF 
OR ToftHWfe PRoowp, wc sw TrtfvT RC NEGATIVE 
VELomy. ^ 

^ - — 1 / I ftftVC t»E6)l7T« w»«Bew ) 

<: 1 1 ON Ml ^EEPOWTER! y 





V eu cn> TriUM Of VEt«;>Ty A& w *®cow poihtin* jw tme weetTiON 

OP MCTON, tllTH »Ti UW6TN pftoPoBTlOMM. TO TV£ «>6£t>. 



m»B 6QI0UL1.'), )P 
RiK&O PttNE^ IV 
PIRECTION, WE RePRESEMT 
Hie vCLodTj rj w* 
tepow - FOR exAMPte, 
V» ?2 m,/E«c At 
28* east Of ><CiRT«- 





Lm i^tpe VhW M ^ „ 

“ipeCTortrTt^t , uiTrt ne&KTW€ pcwiufe^ uP 

' VEUoCiTOMETER.*' TViwJ ftCCEtCiStTiOH VE MOTUlMb WT TH6 
VEUOilTy OF THE iNDlCATOj? MiEPi-B.i*- 



♦(Miwfr Tag 

UH»T9 OF 

VgcoCrry fte^D 
OFP -rap 
VPio^iToMPree 
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ifmvcLCOTs 

Wt KMT k Z\(> 



If TMf VeLftCtTM 
1^ 4MAU. 



^MP If HMM1WS p. 
sriAm Of CP, Ht^ 

I 

J 



Wfi viATCit RJH&O 
ACCflWfTC4 5MflOT4tV 
FRCW OTP 90 kin^/fut- 
iN ^ 4ec. i.PF^ppMrreft 
iHpiaiPR HoVK 

<0 N^ANT ^ 
acceleration 
K A CONSTANT, 

A>iPf»F CMCOtATe* 




flHAl ^0 > iumfl 4pfeEP 

® * iuwriw 



g o K*^/w 




TWeSK T«K> (pCTOti% Att 
POTH 6PUL To I — 

>iC wnte>r^ tWm Tq 
CdM»T HOdfL^TP ^(CA^ 
A«/P JAmiiS To 




Here IMAT -fHC VWITS of 
Ma^I^KT'ON AK 
lATTUS Kf sec«Mo 
^VP< 
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NOTICE EPPeCT 

WHBW RW&O W ACC6Lg^^tl^J&T 
WENm? *THB CW^ ACCCLCMTcp 
R>(^WARP, WKS PU$UEP 

BAC^ IHTO 



IN IM Oft PKfUJtXrUM 



^TUAltOW. 'W " 

IWPlOW W>«$ To TKe LEfT- 
Il-f-i IT^ ^oavi 



IN GCNS^AL. 




PIP JOU NOTICE iHJiT TPE 
ACC&ERfTlON \i Offb<yTC R.THE 
WiJEOWl OFTNEFbtKE 



IKE CNt AftS VE&tXP/e MXELEAA- 
JON 15 4U5WM6 (>OWN 
FRO** k WWTiVE VEuoOTli.Ofe 
«■ in ?reepin6 up w t* 
nE 6ATH« PfRCCnON 






WE am/SE Trte kcctist^w 

forces to AlAltE M M>iCWOR 
OF toELEftMlON - AW 

MXEUROMETBR tUE 

A AlASS M A 57RIN6 
PROM Rm6</5 toLL 8AR- 



V'HEH he KCELEftWES PHJRtfAW, 
THE MASS SWINGS RkCKTC AH 
ANW.6 FtoM THE VEftTKAi. - 



\h 







I'-S?. 






,rF’ 



MASS Mom IN A »«tcnort 
TUt MASS MOVES t> A R>RlMRr> OfftiSITt To Tlffi ACCaEffATCH, 
GLt . AKP tUE AU6l£ EVER fiWEs A 

MEASURE Cf THE ACCGWPatw. 



a&^tarA 

CWAt’e a? 

stf 





«itE Mc'n^ 
MCELre>iTiCi*4 ar\j?iTiW- 
RINGO PRtVK k 
CeU^TKMT SfEEP OF Ifi W/tf 
k CIRCUUR IRKK 




fcl-THOtAH TJC a^KpOMETtR IW'r 

^Kx> nas k ftcc? 
fVjWW? P«M To T«F 0UT^(De 0FTH£ 
CURVE, MJO -IKE k«Cl.ERt>«T€R 
ID ■TOE 0UT4IDE OF THE 
CURVE- 



\ 



WERE THE 'Sf^EK OF THE SFEEPOHETEft' 
TE^ fMtS- EVBi THOU6H ttIW&O'S 
4PKP ftHT CHM(6ftl&, H(« 

vKLocnr ^ 

WRECtw » fHW*6lH6 k5 |« 
TWHEW WooMO - 




...MD ME HkVEM' ACCElERkTiOK 
pBRPEMDKUlAR-n'THE 
iHoTioH. orFo^nc lOTHe 
P*CKH6FE6L4 - the 
I.J KauCRoMETER M£A4oRE$ 
l/v THE ACCEtEMTOW 
f CoRRCOVi- So« WHPfi 

f MiOWECTMoVESMA 

aCLE. W'TH CDN^tAHt 
»T 4 ACC^ATiOH 

v> TWokSM? THE CENTER 
OFTHEORCLf. 



^ccetff P^TcN 5 NOT toHCepr; 

PUT IT ^ ^P^\C one 
MO^^T MQTCU^ IMTWe voftto 
Are MOT ^Mptf : The ^feep 



oncTOM cotKrhnr. 




VBLO^ry 1^ ^ngm W IW 
t(juATrON 

Vs 

veutClTM 1^ THE RkTC Of ^MAM&C 
OP PITTANCE. K«LCRMiC(( I^ 
■me EATC Of CHAW66 or geioctrj 
AcceLcKAicti cm 8c 

6<^N0lM&i 






Birr IN K&IUUIU& 

UE 0^u^tW CTtK Tc- 

CONCTANT ACCBtElWnON 



4upt05t aoo ST6BT fROM 

PKT {ibP UMDCReO CDVfirtVlT 

►CCELeEPiTtON a RJR 
FERCP OF TfME -t . HOW 
Ff* Do "JOU 60 IN 
TIME? 





Vsat 



WEU, <10UR 
INITIHL SPEFP 
V> Z€K>, 
rr iwKfiseD 
uwin«Mk<^. 
To V»«t 



IM Time t ■ 4o <d0UR 

AVSRA« 

THl^ IMXeRVftU Wfc4- 



v - O+ft-'t « Lgi 

>«M4 - •— 2 2 



TH» THE pKTHHCC T»vafP 
j 16 THE ^V«ft£« 6PEEP 
TiMK Tme t, OR 

d = ^at-t 

d = 

FOC RUrne. 60PFD6E Rilfco 

FRc* OTOW)'^ 






IN5 6FC- UET6 6EEH0W 
FAR ME 60C4. TU16 TOOBlEM 
W^TWOSTCK. f\Kr, NC 
MKT FIWO THE ACiELERATtCfl. 
T«I6 « ALREMN PIPCNPM^g, 
PWPIVI6 a =• 2.7fim/«c', So 

d = ^t^ 

= ^2.7e"\4^>(5tf 








TliH) KW. 

PIP IT Move 
n 

vmwp 
^ fiWTiSPI^ 
OJUipW-r nu 




^UtO 

WDVTthi^ 



&AUi£0 PldVPB* OUT WH 
^LCW peWH TMC MOTtOM. 

It Coutp fB 4TUW6P W 
U14U1S. >PfA»cTiK? 

miNE^ PLANT. 




W)¥ Po we KUOW 
tuat pocuN^r 
oovM A sLo?g IS 
U^e FAU.IWC?, 
opi^ siPwecti 
AUitiieP^ (4 

6Auteo’s 6ewmsy 
P( TitTS 
t« ftAHC 
4TKW AMP 

MoifoN tecoMcs 

me wuM i 



n? 



« * ' ."1 

'•xvV'o^ 




6AH15P ftWMP TPAT TM5 
ptSt*M( A Rous 
IN^eASK Wlt^ TM 
4<;UAft OF TdF eiAPS^ 
-TlMe -F*TT|P 4 W 




^UUO VCWC^CD MO« 
0^ FAaiNfr 14 
AfFWPP W rT4 MASS, 
KW0|»4* TKA*r A tMCK 
tuM- K fcA-nCP 



^ T«rt 

9UXtP 4tOM > 




A FflcruC? HA4 A LOT Of 
FT^KTAMCf , A»t> M09MAU^ 
FLUTTefis sum.y, ?ut mA 
VAOJUjM, A^ WJ tH6 MOON> »T 
pROf4 UK£ A TOCK- 










FBOlW iW^EFU. m^UREMeW. W 
HhVC PCTCfiMWW TUI4 (?67E OF 
AO-ClIRbliON . NC*RTWC<llW« 
Of THE »KTH, ALL CRFO’’^ F»a 
WITH A COV4TAMT A^OeLERADCW 
a Ei?uMT0 

I 52 

= 9.8 ^/?ec^ 

(Nffcte:Tf«6 AtR«?^«5TW^cg). 



WT ExPCft»ua;r^ 

ffcPtt^ A 4URpf?se: 

Am «csKTAi^ce, 



(p» 




wtCMJ POpLifATE TwRPEft'- 
l«EHT HCRf OW 0?T», 1V4I0E 
A CWTAtVH? WITH THE ftiR 
POMfroOOT 







(tMIPEVT>LUT, 

tl«79'WWj KMoWP THAT S6CTUS6 

Aa onecn *c«e the w 

A GEfcnTvnoHAl. F1Et.t>, «AvoM 

imr gi A rec*W3 OF 

$FAC^ ampTIAIE RKTHcft 

THtAii*THEf*ie«FS TMEM4CIVK., 



to AttM TMM> MOW COHatTC, 
irrs PROP u 9ioci( of it 
(«M<*6Te. TRAT 16 ■) PMM 
TRI6 ftJOFTOP- 




THi6 16 AAcnOW WITH 
cowniir Acc£LrRATioP g 

60 «cuxiry iNtwMf6 
PR0P(pRT)OWAl.t-«J T© Tl«e-. 

V a g t 

AFTER wt Of 

fAUrVe^. IT 14 401N& 

(<»Brh/«* ) 0 0 

AfTtR 2 4EC0WP4| IT$ 
4f«D r$ 

ET4-. 



Mow FAR P0C4 IT 
BkLL IK TIME t ? 
AFFLy OUR FORMUU 

d-.lgt’ 

Art» owe 6M?NP, IT 
HA6 FW.LEW 

ift-s*"/**- ) (l 

a 4.9 meters 

AFTER 2 ^^0NP>4, 
THE PITTANCE 14 

= I9.t meters. 






UP MUlgi ■■ '«'«■ 
TH6 »U. ^TWCT'i FMT, $u>W 
M0M6fJT«l'-y, *WP 8POC ppww. 

R.«.TER WUP 




VlBPf> THE VEU^'T^ 

THE ii:T-? ZERO. 
MOMEHT^RIW- 



W)T 'NU^T'« THE ACCaER^fnON 
PTHfW’ |4cn- Z0?o! ■'W 
WCELEWnOM 
TUMJWCOf 

f*crricn*- Tw Ac^eLCRftTON 

THE gKU 

ROl.L'^ UP P*Jt> 'TeECP^ >T uP 
IT K£>t.L4 79^l)^'•^lWlWP•;i. 
T>iE Ri?ck throw >wtd The 
ftlft, |iu«]% Mfc^ 

q POWnWARO. 
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w coiTu^e^, 

-WE ^UWt>yj OF 



/ ^ 

'A^^' 
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M iti^TrKrm^ WITH 
IT COC$ SgM TH^T A 
5 ^C€> MDTt»»i| 

Ui:e Mcrrof^ PM^UV6 it <ar. 



li ) 



'4 



WECT^, 

ARti*n>Tte tkouwt Turim 
FHUN&I TH£^ COME To 

T^EM 4lPBP^3^. 

/^a«sA 

^ Moveol 



v<»J -me CCT off, 

THC CM« 

T^- A WH.T.... 

* 

Ci^ PW€€T^ 
c TIHK 



wi 




B JJeCDCt» TO |<E^ 

AN oSjea rN 




OALILEO'^* 

Wfc-iTo4CET»0.Tftft:E4 

CHAN<H the MCrnOK 

OP oisca^- l£PT 

vom 

TRWEL IN ^ 

UN6 poRENBf. It 
tH6 K*CG Of fKtCWS 
Tjlfx «L01 m^ iHgM X>0I)JW. 





(i foUiflfr BN.L 

teW^ To RfJiCfl 
TrtfSftME 
WCifeHTOWTHf 
OTHER ^ItC - 
^kNO !P THERE 
HEpCNOOTHSi 
^PE, ITWOIAJ? 

W ftWVEP, 
IPttoT FOR 
FPldHON' 
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iptft NEWTON'S IrlP^ LAW- 

Ml 0?JEcr W ftKT 
■TEfW^ To ^ kT 
BE9V- Wi O&JECT 
n< iwTioH tew^ 
TD co»mNije lu 
MOTION 

CD(^»1T SPEEP 
IN fr «mM 6 HT 
UHF 



(KM.V>5MP - If 
MVE 5EEV FAP, >T i< 
ttOO^ I 
^1W* W “WC 
Of &IW1T<,‘ NCANlMb 
6ftUU0 CF COUP^C-..") 




IN THE -reRMiNOLO&y W 
^ iout-p TW^T wpew Trtcftf ARf Ji® 

oljecT? MOVE »HTH CONSTANT VELOCITY* 
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m PWfCltT^ OF 

TRC« -TCNp*' to OW 9 

RWnWJ <:6 To CHAN 6 eS IN 
MOTION- 



•arr^ 

f, I'M IN W' 



til«l 



THE ^fkHjur OF iHertia a am 

NA^ K MEA^PeP ITS 

MASS IWA^^Wt THIN 6 S U*vc 

LOT^OF Irtt&TfA, MEANIM& 
THAT A U« 6 € tS 
To OlAN^P THFiR MOTfOM* i 



iPWlA 






WE SAIP PRFVlOUH^ that 
RlMOO PWS fti A CAE THAT 
AaFUPAie^, ye 



THE^ iIRE THE FORCED THE 
CAR HA^ TO EKERT OH RIH 6 O 
Tt? OVERCOME rt(^ k«RTA 
AHP ACCeifRATE UlM. 






Ai- 



iMK. HEkiTDM UliU. ^itMMACrZe 



6 eFkir« cw #«Nr\ 
fc*a O'iEPCBMCf 
IWERTjK hf *0 
PRctuXK *|C«t£ 8 Ar«*i, 

^yoM^p"? V 






111 






NEWToV PWT -THK pCLATIOtJ^HlP W*oWfr FP(^€, «W4, Afip 

w:<:e(.CRMiow imto mathcmmi^w- porm pjith ^^Ewrow'5 

^gO)NP MW: 




Mow LEr< LOOK IkT THE 
lAOOH M*Ui- n GOE4 
IN ^ dieCLE AKOUMO 
THE EARm OR KGARLV 
iO. A^ WE UAVE ^Q(, 
TUIN^ THJcr Move IH A 
(CIRCLE A(K A££1£R^)H&. 
THEHfORE, IT KA^A 
FOKE A^TWO OM tr- 
rr iWjfT ?e twit 

THE 0ARTK 
t^ULUN^ ON 
THE MOON- 




we KMOW THAT THe EAPTH 

PIU^ O' OeOC6T4 NEAR 
tT4 4URfNCe, CAWlNfc 
TH6M TD MrtURATe 
POWNWARP 




THE 4AME fDftCC, <s/?Avrry 

ACT4 ON THE »CW, PUtLIUfc 
IT MiWy fPOM THE e>TRN6«T 
im IT WOW,P have TAkEM 

IV THE AgEEVee of 6ftW\Ti 
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'Nott.N 

MENTetV 





Of SR (dk (7«R TW IUX» 

Woou? 6 jHTI(M AUW' ^ 4t1>Nb«r UW AT UNfOfiM «S^. 

EUT eRAJJ>-n| Pt>E9 PULL IT, AC«L68Mm6 TUE AlCON 

TOWARP the capth thP moon 15 FALLING - 

FALL'NO hik'i FRo<A IT^ NATURAL 'RR^,T UW" «TBAI&HT- 
LINE /AOTION- 



lW0Ne4«>^-,T><£M0n 

Fki^ MWT I -WW. KmKJ ^ 

Fttwn A ‘^TAAl6«T-t4AE ♦ 
PATH 



i 



m one <K, W ^6 ^ X 

HEAP %l t 
•t«e atws «#FA«6. 



TW MPOti Rat 
ttUQl A^ THE 
APPLf, 8KAU5C "HlF 
EdRTWi 0RAVrr3 
WCAWt COT THERE, 
FAR fRoM THE CAATH- 




^TCJP FOR ^ MoMEin- ANP Co»JS4PER WHAt fl6WTciN 
ACCOMFU4WE0. THE MOTiW OF Tttt APfLE AWp THC MOOW 
OPPi T«e SAME LAV^. VSMMh BODIES gEUAvE HO 
Wf^^ERCHTt'J FPC^A EWITBW OfJES- HEWToN’S LtWSACE- 





26 





Of 






TH£ 

&{.$£«< TIC 
giRTH inRACTST^E 

THE EiM«. 30 U Wtefcq* 



TVC ^fcmr^TlWlM' PD^ CEtWKW 
TV» M M»l> m l^ 

rtOfO^T/0|iH^ TO TKt FftopOCT Of- 
THE AW ;N»C 1 «^ 

TRoToprionAL TO THE ^ 

T«e PCSTKHCe r RTWEN Tt^W . 



•* '?-• 



iteiFf 



EAT 









ri 















•WifT WMtCft <5 IW TKC tt*^i»UU IS A 

C0KSTW«r or MATllte THAT iWDtCATes 

Kow sr8<w6 Twe 6*AvifAT(OM»t fosre 
IS. -fo HEieOftC G . ytM «0^ 
to f»»»w AH ftfeftMEWT to MEAWRC 
T«E MlRACTwW geriuEEH T«» KUOWH 
MfiSSg«i- 






&ET4 WCAICEf^ WITH PWT»>JCe -• w 5#w 'THJ.t thf 
^ Ffta4 ‘A.om THAU M* fAHTflCOUW) AW-f • 

Sthw^tofthi^ inverse-square UWi6t«€ 

TIW. vti\ce wi'j ¥ise wt*mt ofooAji wrtcr. 




Tug !«TEP PlRECTty WJP» T»g iHOOH W ClOii?- To TrtC . 
MOOH THPW THE CEWTCP- OFThC iS— So THf 
«P.\JIT^ ?Ol-LS HARPC^^ 0^ W<^, AWP THf WftTCe 

•HfAP« UP“ the MO0W- tw CEMTER 

OF The earth 14 CtO^R to the UOM than THg Wf^ER 
Oi THE OPPOSITE 4IPG OfWe earth. TttE «0(»* 
FOIL? THE EARTR AWfH fROW 1VAT WA'nR, SO IT 
itEAPS UP TCC' 




tne Twe « pvx.lep 

THAh» 

XKr^ WATtEt 




THE Tfpp^ occo^ ?e(>use 

GRAVITY GFT$ VFAKER 
WITH PISTANCr. 



4^ ^ 

1$ 










T«E SUN HSO Ttc*s |>> THe WAH 

gOT L6%$ 40, RKAOSC w me doji's 
(TW-TAN^E #cr FUU MOW WJP Nm MCOW EACH 
MoWTH> THE 4UM !'!• iM UNC iWTH THE MOOU 
1.UD me EARW- mPM THE MOW TDGEWEI? 

FpOPUdE EXmA HlbH AWpD(T 1:A'L0'N Tl?e4- TWS4EAK 

THe Twce-MOtmJuy 4PR\N4 TIPEf.* 




AT FIRST (JiMftT-ER AMP LA^T (?(ARTER, THE ^UN AND 
^AOOM ARE AT Rl&HT AM6LCS. THE 4UN'4 TIDE IS 

4urTRAcna? frw the mood's, amp -me variatioh Ttoe? 
lb UbS. THESE ARE THE NTAP T1DE$« 








MOW let'? TWHK ^ 

£FKT4 OW TWMW KOf THE E»TH, 

you, ftR TWE 

fotur c*i i<n 

v^EUSHT- 



'iOO W0W.P I.CSS IF*. 





S)a; wepc 

Uf ON TW 3< 
6U6 «tl3 U=^. 



FCte VfllVCftfAl. 

Cft^VlTATf&H •• 



fp»M MCV1»SS 
tAW: 



«OW 'fei^ JOHP Off Tflf tof- W«^T u„ft 
Hl7T( THAT ^ NOW 

T»>? t|> eXPftCH TrC Oftf^^TAHoNA^ 

FORCE OM You- 



^frr»J6 TH£^ EOuM>i W F1HP; 

<0 



T«« LMT \ 

V^wmu $»«{ 
'^VfiW q IS F^utw 
t} M wKW^MEMTH- 
CrtKTW/r 0 Wp TKs 

^KHUS. HOT^TWthS 
WVIL CMCCLS 
OVT. Cl £%£4irT , 

,DCTEw>ov'dooe-M^«! 



V) 






1U6 F0K6 THE EARTU 

ON you w = H19 

MkNi^ T«E pl^-TlMOtiON 
9 i-TVCEH 




(H 0 OWT, W, THE 
MHOUk^T Of 
&CPMiTP>tiOta^L Tull 

o -we owecr 

Vl&WT VfrRlK 
TD 

whe?£ you XPc ^ 

in p^p SPja. 
ycUR (»06HT »I^?8T 
gE ZEPO, 

youR '‘i 
you &o! 
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MA«.m,lSTHE 
^KVTlTS Of,, 
jJlPTlER IN 
OWECT. M ^$5 
MEASUW^ 

(_i) Row MutH < 3 fWiy 

IT EXERTS ON 

|i^*^SlON. 
HOWIAvk^H 
lVE^cn^ ( tUA 4 - 
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Y/'a 






WE EVEW MEASWftC 
WEIWT AHp 
H piFFERElrr OMCT^. 
m -WE METRIC S5JSIEM, 

"■'K'LOSRAM 

l^TME 

US>T OF MAS?, 

WHILE THE 

MEWTON ft 

TW UNIT OF 
WEl&HT. A FER^OH 
■MK^SINfr" % kj 
HA4 A v^el^^T 



IT TE(WNiau.*J IMCOERKT to SW -WAT So«THlN& “WCIfrlW' 
5b - WeifrHT » ■STATED IH UNITS OF R*C€ , HEWToNS- 

CONFV$INO? U^TPK 70 x'''T7r\ 



THl%: IHTHE W6U*m 

sysTEM. THE 
FORCE IS the 
WHILE THE UHrr OF 
MASS IS THE 

A PERSON WEifoHmO 
1bO POONp; HAS A M«< 
W \Uo Toohk 






At UST, 's 
A UWT IIITK 
A IEAWTIFOi. 

V HAME! > 
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50 FAR, WC HAW 
KEM iuew(iN& 
AN) 0 RORMN& 



(wn, isri 
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M0f»M*R>VlfTM*6C£ 
Wluwna- 
^T(CM. MoTiPH^ 
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THE ?IMtie?T PKUEcniE MOTION To PRoJeq- ^T»IM& 
$1PERW4- C*WIM6» A <AR A ^LlFF OR 4HOOT1N6 A 
8UC.LET ItoRlZONTALL'J. THE RPj 7b UWeft?TAHt)lW& 
THl$ MOTlOH TO REAliZe TWr ^RAVIT/ ACT$ 

VIRTKALI-V IT W^kts cm the POWNWARP 

?ARTOFTHE MOTION- 




ACCCLCKA 710 »^ 





TME-j RE>iO» TKt «®WIC> *.T TSC 6U*fLf • \ FIlie -mC 



yj« Time, BKA>^ THE'j 

FAUL^ff THE SAME RATE. 

Ttrc howtontal /Hotoh has no 

EFFECT ON THE VeRTiCAI A»OTOHi 



eOLLET FWM A SHOW-PER 
\IEl6ttT OF ■4FT- THBITH6 
{X‘>TPi<£ IS 

■So 



I iety^ 



1AW nMWUQi 

KCEUnTiow 
Mo »etociT3. 



NOW here's another 

WESTtON- WftT 
HAPPENS IF the 
GW PKP ■ 
UPWIND Hf 
AH 



9^4 * 



THIS fact lMIW?(ATEt.H 

ANSWERS A FAMOUS 
OOESTiON^ IFRBifeo 
Wtops A RVLLET AT 
THE SAie MOMENT AS 
I SHC30T A RU.LET 
M0RIZ0NTAU.H, mCH 
fOtLET HITS THE 
WOUNP FIRST’ CwE 
START At THC SAME 
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W IK WHENCE OP &PWvra, 
1HE 0W.L8T »<CWUP 
fOLUHN ^ VT-RNWT UN€ 
fOttvEH (HWOnS^ 

WW 

gRWVT'l, »T RVUS 

AWAY 

^H^T 5TRAIW jc^ 
UN6i ^ ^ 
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U(T& 

TWoo6HT-K?»«fff’ 

CAUet» 

"MONKEY 

HiJnter.' 












?coP rf 

Twe m(icre»9K6 
Of F^LUH6 FORWWIO 
ttOTCM! gOTlJWPO- 
^ -jOa CP>>! SEfc THftT 
The WU.ET Wti. 

ftlT 1H£ MOVK^'. 





IF THe BOLcrr rMrnce, 

0UT TMg'y ^(Ui. 90*m fKLL TU€ 

7I9TAKCC d • 
vr(i^i6UT im 



4 







CHAPTef? ^ 



•faw vt'n OH fw* -w**". ■»*«’' fto 

JS^^IiTkWf W»lT«HK ' FlwSwi''^ 
HoRizoft^u.y With «»e*tbr ahi> 6*E^ 
4 recC>. eAQi »uu^ ftvA TOT« 
&«0W1C> tU TME MJKt TIME -TKE HoWOUTiL 
WTWH OOC«<‘T ►FFCCT TW P>UtN& 

BOT the FAweR BULa-W So f ai»th» 
Bffwe PUOWM& WTO THE HOCK- 



lUT kf THE IDOeTt te FUnXEtt, 
40 MITHW& NEW HAPpeH 4 : T« 
Moni rtTT FLAT, n'^ fioWP'f 
THE 6 R 0 UMP «T»*T 5 ^UftMWfr 
POWH UMCCR ~WE BULLET AK> 



THE&W FEET Off -nC 

6WXW. ON EARTH, THE BULLET 
IN \ ««.. 8UT HERE. w»« 
$RWi-rj IS wcAkER. 

1 1 ■Jfc (a^ LONS A* the 
( 3 J 80 UMP » LPVEtV 



ETCHTUAUT, A$ l Fitt FASTER 
ANUFWTER, BT THETINt-ntE 
WUET HAS FALL®* A PT, T)* 
Gimw HAL CUWIFP 4.FT. tKi*w 
AHPTittIWAET |S$TIU. 


THE lULlET IS HOW (N A 4 Rxw 

HI6H 01^ Wioy«> T"e won 

IT » RLLIHO CONTfNOALL>J, BUT 
THE GBoOK? » ^TEAWL-J 
CURVINO AWA^ KKATH it. 


4 ft m6H ! iXB TfMB IT 

A- - mi4 


1 ^ 






Of »U8«. Trti OMtl IWW K NO 

fteWMICe (ANP No4-fT-WW 08«rACi.es!) 1&4L0WTKE 
fUCLET. gOT THC EXPtR'm»JT lLU/^TRATF«i -mC rRiMCiptf 
OF 4KreLLiT€ ftoTtot*- from EArtv we laoncu ^AtetUTts 
A«0« THE ATMKFH6K W»TH RoCtCTT*; , T«0* T)LT *WEM 
OVER M»t> ftVC THCM FWW6H HORIZONTAL 4?Eep «o THAT 
THE earth <:uRVt4 AWAy ffJoM THEM A& THC^ FALL. 




^fHILARll OOR NATURAL SATCtHTE. T«£ MOW, FALW 
cwniMyALWt wtts FoewAte motion <TA^ft «$ 't Aujn6 
*J0 IT REMAINS THE JAJtt HEIdHT AROVE EARtH. OK 

MooN'5 o^err'ff auvui, or veae'-s 4o0 





^ L6tS Bo WP 
IWt«C-6P»a 
MWttU 
ISkiU Oe^tTN- 
^ kvo I ttn 
Off tut 

tm ov*.-) force 
om w 't. , 



KMC? Wr fru. 

Totol^P 

EfRtH. 



^^JT THE ^ME 1^ T?OE OF THE «HUm6 nBeLF-. Vtir 
AL^ PPaiHt, Mlp Vinrt •mtswtf ACCeLC?KT»OVi 





23 uStlw fc&EWnoH 




^ TH«S 1$ No 
Ho (2EIATIVC NOnoH 

(C1U1EEU US ANp 
THP ^tPr A»'U 
9JC FLol^ fHRLy 
IHSIPB, 

WEl6wLe$4.P 
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IF MOW RfeLE^SC 
^?PLE TWE 
BkUiN& ^Muiri-r, 

11 l>^N64 IH 
M»t)->‘IR. 6'V6 «T 
A )»J06t W<P \r 
TKM14 IX 
STftAlfaUT HUE. XT 
NEWTON'^ 
FlP«T LAW! 




WEVEVEP THE ONW FORCE ON tH£ Cgt>!fx 6RA'*TV. 

whether it's C0A?T(N& up, FALL1H6 PoWH « w 

ORB>T, object? WE10HTLES$ 





«e CM) PUPCI^MC THC 

CFFECT tttpe ON ttflTil- 
OU^T •At? INTO THI5 
atVATOR. »‘l-t 
CUT THE CfkBLE W 





TH04.AtTHOU6H 6B^Vny 
PRODOCS& ACCBLtRATOH, 




THI^ WAS AHOTH6P 
CINST5IW THAT 6PAVit^ 1$ A 
PitoPOlT^ OF <fACe, RATHFP 
than 0?J«CT‘i. 




!g)KIBD'u=0 

Ho FWl VIE’YE «EN ONW dJRCUl^P 0?^T^-. i. 
v^TeUlTE K FRWCCT6P HoRi2C*JT^LL'# WITH 
OVJ^T EHOW6H 4PEEt> » that IT fAtW AWA3 FtoM 
^IRAl&HT-UME MOTiOH It) MATCH THE CURVATURE 
Of k aRCte. ROT WHAT WOOtp HA?PEH If WE 
PROJECTEP IT With A PIFFERENT ‘S'EED. OR AT 
ANOTHER MJfttE'’ 

^ «wv 






ONE WAy To WORR 
WT THE OR$iT 

With a tihe- 
HoMOREP MATHPWTiCM. 
ttCHVlKPue RNOWN 
f^'BRvre 
FORCE. " 










THE WUTC-R5KC MtTHOP 

WITH THf eRK«THT>o»*i 
RJHMHU ‘ 

OP ‘ifXtUiXt, r.Pl^tAHCE 

»TW«E»* Tiiti», G* CtfiKTkMT ; 

THI^ WRMOlH 6IVft THE 

Ov W4 ^tUUt£,40 WC CH* I 

CMpoTt \n niiXtwnoH 8y t 

ucipT[v^ tM) I 

a*F4,. TJ«w«cw 

Cd«ME HoW 



WT - ^FTe^^ AftOVEV A tHTl-E, T 15 
D1PF6?EKT. 50 T«E 6l?AV»TKnOMAL W TW 
BDlFj ttAS ^HAN«P 1 50 v«6 Mffp T» 

THE ACCEIEWCTiON AMP NEW 
fW MottEWT5- ANP TWN BECA^UtA^ . 

ANP A&WN- AHp A&AIN ..P^ M>A(H... THouSAWK of 
TllHE^y 




WSAt* STWitoMPvXe . 

tt « ^KE*J ACCf LERkTIW- 

«.h A wevoi'T-j 

k ^ tJCiM 4 









Tb^vTiON 
iCVJ MCC 
)^^ACC6c6fthDOK 

RC.! 



s 



CmaPEirrm.’i. iws 
^1Er B'j-6TEr Pw>CEpORE 

aucp "NuwRiaLt'i 
^ Differential 

EQUATiOH.') 



'Vbt 3 MATH- 
\\ MUCH AWAC 

^b«<nrTw«.,.^ 



^ I . 








IF there are ONL'i TWO 
bodice ?RE$m; CW-Cuty^ 
klmi TD t>ERlVE 
FORMULAE FbRTHf^ OPftlS. 



*ie FiHp That thc onuj fovast 

0Rg\T4 IN NEWTof/^ fcftWttM 
ARE ^IRCLE^, EU(?$E4. 
?ARA8oLM, ANP Hyp0i6oLA4. 




rkAtlKic 

o»|n 



EVT VWEM THERE AK 
/AOl^ 'mAM TNO 
BODI64, BRUTE FoWe- 
AHPTfte COMpUTgR- 
ARt 00ft oK.>j {tore! 
Foft txAMFLg, THE Moon 
JbLLOI «4 A COftKCCS»W 
PATH AROUND THE 





POftn/KATEl'J. 

■n«E « 

So MKSSP/E 
That m 

^ PomiN^tk 
TtfSom 
' Shstcm. 
AKP 

' ?LAWPWeJ 

- OfeflTS 

m 

- HUBiy 
t^T 
eaip«^. 



T«f HAST To 5H0*1 EtUtrTiOt OMttS 

KSipiBSi •*vo 

PAOVfp THAT THE ORftT Of MA«^ 
WAS AN El-Ll«E. LAn». KBWToN 
SHOWEP WW ELLIPTtCM- ORBITS 
RiSUkT FROM A»> WlEMC'S^AAC 
LAW OF FOACC- 






»wT elupsk m. 
AVPpOWMATf , ANP 
BtlUT^ FoKC math It 
WHAT we OSE To 
OUR sFAce pHoets 
To -me FUNers . 



6 








'the EOW'TIOIK are ^IMTLE. t«E'i DEVSlSE THE ttMERAL 
I^IND Of MOllOH, ftJTTHE AtTWkL /AOTiW PCfEfJO^ ON 
m W>m WmONi Mlt> VELOCITIES Of ALL THE 
Rowes. THE «>LAR 4'JVTEM IS GOVERMCt 9'i 

AMO F*m.R., iOTTO LAUNCH THAT 
^ACC PiToRE PO AM IWMEWSS CALCuLAT.OM, 



' «'P€ ^ 

ECTEP'ENUHfc 
A SUWr 
Co*^wr6f 

v«SSf-^ 




Much w twsic5 ie Lirf th« •• rmo the scmcral 
E^UPT iOMS AMD SOLVE THEM ROB THE SpEGFU CASE 
At HAMp. IS IT BE WrtiPER, TO PKCR'K ALL 

IHE PHYSICS Of THE UNlVgPSC WITH A SHALL LlET 
Of equations STARTiNfo FROM THE IKiTlAL COHOOIOVI 
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. 
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\.M 1 

OftjECT : 

iwiumm 

M0V6S 

WlTd 

CmktMt 

'ItLOOT^ 



so FAR, we HAVC Icoco 

AT NCWTWfS Flfcsr T»0 
NO** ucr> 

LOOK AT Hts TWieo IRW 

n 



Mt»TOH‘S LAW- Wtttw OWE 
OBJeCT ClCfl^S A fORCC ON A 
4t(0W> OWeLT, ■me S«CW 
OUCCT EXEATS AM B?UAL 60T 
CfrowE wAce on the fiA^r. 



IN OTMEC YTORPS , 

ACTION EQUALS 
REACTION. 

FOR EXAMFLC, when I P05« ON A WAa. THE Wftll 
POSMK RACK W‘Ttt K^AL R*Ce . THE EARTH'S 
GAAViTATiOHAt fuu ON THE MOON EQUALS THE 
MOON’S FULL ON THE EARTH. 








T«C SECCW Bo{>3 
CM>^W5 the FbiKr W 
ON THE BOOK - 

Tke EARTH'.™ 

EWrm ?U1.L$ THE KOttC 
WITH fWXC w, 50 THE 
BW IMLL^ Ijf ON THE 

EVTipe c^pth with 

T&PCC 




BOT DOKkTr TH£ TABLE PWH up ON THE BOOK’ HE^, |N 
TWE Cf5E- THE BOOK IS NCTT ACCELCWW&, 4>, 
NEWTON'S SecoyO LNW. THETCfTAL FoffCe ON\T IS ZERO. 
SlMCe THC EARTH PoaS OOWN ON 1H€ BCC*r, SoMCtwHO 
ELEC MUST 6B Pu5HlW» IT UP-NWCL^ TWTK«L6, 

AW F»W. WT THIS 

14 A $rp:i«. CAse; 

\P TM table 
wasn’t STR0N(? 

DOUGH Tb SuPPORr 

THE Book, the 
U?-PU5h HWUf BE 
L«s THAN W, AKp 
THE 6oo< Would 
BREAK THE table 
AUP FALL! 



v> 




OM lOMT 





HOW«>N K 

-WE aUT ?Vl.L% fKCt!' >WIT« w ^,y 

Tm^ , WE Hft« TO tOOK ET CVTW CW^CT MoUE 
FOPtfe ^CTIN^> 0>» \T. 



K cm, 

TO 





VtiHU-T rOKC£^ KCf on -we CAfiT’. TK Hc*« PULLA IT fiJClUW, 

^gOTWBtC 1 <; A BKKIUftl® fyP^e FROM' TWP SRoONP = 
friction ip Tt»E Moft4C‘< Puu. e>:<»ps T«c WtcTiow, 
*Th 6 CWlT WIU. ACCetCPMe - 



NOW THE House ; THE Or pwtw IT EACKWAPP, By tCUBlOli'5 
THlRp ow. WHAt MhP* the ho(« poftwMJpl it's th€ 
Stoono// THE Home Pll4He< BKITWAPP Oh THC 5RwKt?, 
«0 THC fiwuwp FuEUCS R«W?PP Wmi M» B?0W- fOfiCi. 

\F fur HoR« 4 AH Push »ACK A 6MNST T« 6ftOlWP WITH A 
RlpCE &ECTfTEH THW< TttC CARTS R6<»l$T|Nfr FltRCE, THEN 
the toftft WH-L ACCELBUTt ! 




YET Awmcn 
CitWte - fc 
tH&lKE- THE RoCKtr 
EUST$ A C’OMJWARO 
ON THE 

euuw 

THE ?U«H 
NEWToM’^ 
^mt> LAW. 

IFTHI4 UPWACP 
THRWT EXCEEtXi 

The weiwt of 
The vehklc. 

U?v/£ Go! 



Vw 




NOTE'. It a not HEC6<»<A(fJ 
R3t T«C ESCAFiMG GASES Tt- 
f\WH AGAINST Mr - W FAO-, 

AA Ousr ACT? AS A FRlcnoNAC 
PpAG W THE ROCpET. 



T€<. i> 

KeTlC6» 

.TWfT. / 



ThKf 
FOECRMC 
ON THE 
foCfer 
OhL^l 



THRoSt 



NE1MT 

Of 

1!Dit!CT 



AIR 

FRiCTteK 







Aib®w 






HCWTom-? K Jjioyt*? «F 

oc«?<o*fr PC- 



a. 



yiiTVoar AW R*ce^, ouem 

/flWWN CoWSTAW lELoary- 



A F<Xt£E ?ROO(X« M> MCCLOfficw 
fEorbiTT^AL 1CTW Poe<C (AKP 
iHVfWa'^ m#bRTiWN.-ro-n*C 



>* OBJECTS EXERT EOIAl Bot 
0Pf(Xrrc p?KE? OM £Ac« 
®THCR- 



FORCt I4 A "VECTOR ^UAMXrrj.' LlKt VELOilTf AMR A^JtfRAflOl, 

rr m sRTOHL'i A MA<fNrruPi put w.» a piwaiON. w 
■THI‘7 PitTUK, rowc^ PUU. H* «V£RAL WWOTT PlREai«K 




p; 




ferr IN THi^ <CA4t, TW SW 
OF MLTHC FOftCK, T« 
NtT Fofttc. 1$ TCftO, 
KCAU« T« M>«W NOT 
AaELSft*''^<N6. (Ntwrof^ 
4(CONP UW 




COW9IO«ftTKC 

n?RCh(PN^ 

SKlEfl MOVlKfa 

POWN A 'Mi 

At C^)N^■T^MT 

^pcep. tnercak 

HeA WEIGHT, -me 
^PPDftT OF 
TW jSRCVVt?, 

ANP m 
fOtUX 0f„ 
FAlCnoN- ^ 
a&mn.thc 

1®TAB.R3ace 
Myw a 

TStO. 



WflWlT 
. WJftCt 




TPCT(Of» 






PoHvmSCC 
MilTVCiC 
Wm HlO 
TO 2fll£»7 





^ou WlWT WhNT TO 
Co»P^te THIS SiTUmCttt 
TO v<ei 6 Wni 6 A w-io) 
WITH A 

<iCH£- TH6 A 

miftfcMT Of '^eo vEpntins 

(»in^V 




TKE MAW PUU.^ CCWN T«€ 
WITH A FUKC OF 
NEWtoK^, W IHE SCALE 
puus Op OH THE *»*«« wnv 
The 6AM£ POftCE . THB/ THE 
?CALE Also Puu 4 pow» ow 
IHE CElLfWO, AW THE ®U06 
POU SACK ftiTK ^ KBrfTbV^ 
poKC' 



S*u$ 

OVTRi 

so«. 



96 oH 

& 

WM 




IN EFFECT, THE STftWb 
TRUN^nS TH£ 

Ri^lCE FROhaTHE 
TWl0U(>tt THE 
4<ALC TO THC CElLlMfe 
The AUP THE 
STRH& fUU ON OCH 
OTHSl Q?OAU.^, Pi 
NEMITONS TftfRt LNW| 
UK> THE TEV^JCN 0** 
THE bTKiNb-THE <iCH£ 

RCNcWfe-l^ <WO 
NWJTON«- 



\.UM i {.a 



FOHCCf 
OH THE 
SlR»>6‘ 





^ POE^ TRI^ CWVl«6^ THAT THE TEN^ IN TH6 Tyfe-Of-WHi ^ 
Row IE <?8o viewr5«9 THe e>pe thnnsw^t? t« 

R*CC P«5« OUG TEW 1c.-WCOmGP- 



IF liOU TIEf 
ONf 09 OF 
THt Row To 
A FWr, AMO 

eOTH TEAME 

IlicLct) ToOenei, 

THgVTJiG 
TENDON NWAP 

0E Poyeiep! 
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oNt iw« two- at cwowMTcft. 
EVCR^ PK'j K FRICTION- K" 
»W ?»KH ► BOOfci: wpo^ THf 
TWLE , Vcw PIMP THW FRO(?M 
IlKftTS, WHkrevsR Plsp^TiDH 
ioj fu<«. IF 'Wi iTWix 5PiwW> 
GBJTViJ. you'll FiMP THM- m 
FRICtiOM VOKi \i> ViRiA«.e. 




CM) FBEl TMKt FWCTIOM PKftCk^ 

8»tc STARTS TO Move’- Vfg twt thc nATK fftcnoM, 
WttgM Trt6 Wrfm:c« ^trrovKW , VWies uf to k iVImumum 
VKLWE- m KINETIC PWtTOH, WfHB) THPj RRE M0VIM6, W 
LK5 TUMI TttF MMCmuM FRiaoW- TUXtS F)U>J A 
4<1PPIN6 CMl TM«4 LOVWA TO 5TOP THXM OWG WWOSE 
VMECL^ Are Rolliv^. 




^WOOWfr Tl« BoT^TlDfr T*e* P&BIT OP 

KkN&'TlC Fft^CTiOK 

^TAlXNKMtH a), 5^TNTTlg€ 

K STATIC fftlCTioV. 
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fcVOTWP- EW^MPLE Of FKiOiW 
\t, hie FRictiom. 





EXCITIII& WW fo EffWiEMCE A» FRKTlOW 
14 10 ^ WHCM 'iOU FlR?T Ol/MP, 

THE dll-'J fOKC W ^RhWl'nj I fcvjt> 
'joa laELcRhTt hr <=^9' 







h4 gw fKh UP 4Peep. WR 
FgiaiOf< ^Mp 

10OR hCCCLCRMlON 4LCW^- 



triton 



EVEtfrirALW, M- 100-190 MPH. 
THE hiR FRliliOW EQVW-4 'JOUR 
WEIMT, ANO HOUR 4PCE0 

UlCRtMts NO Further- ine 

CAU TMIS NWVRM- UNcr 




U» FRlCTWK H.V OEP0O5 ON 
Afff 'TRoKTtMb TW WNP," NIW« 
14 WV h PARAC^lUTt CAN 
»jouR lERJuvAi. vELoaiy to 
14 MPH 0R4O- 
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SOME FORaj 

ARE 




Occ 



i*t mmi6< 

MKw^?p whcn « McciauEm. lUT 
V4<4t 




TH0E JeRE CfMUj tlio 
f!|Kl mcs^ O^ 
WeLL^ 6PP^virj, wk»<h 
?\Jil*» OOWVWM^R 
f^Vk6*^iT\^ ITM>^MP 

im Tei^siowT wmC 

«H€N 

X(T6imTB*i, -W 
TolR OFTMP4C W 
Mu^T 9DCKr 
WITH l\A6MiWPE 
mu. NfunDu*^ 

4mN6 Muir HANb 
►r MJ h>iOi£ 





9«T fK M 

•A^TftrtA'ncii R«€ “ 
PU4WW^» FVO^d-wrMa 




BCr THm IS NOTMNO 
001M6 THeftSMW6. TUC 
•fo«cc* IS mTnvus , 
e«ctQf INBmA 
R(SiSTrN6 T>iec>r'^ 
^COlfF^TKJH- 

© 




ML TM( SCVUK^ ^0 fM^-RNp.RpRTW 
fPMS Wu (Mtf 

ptCTi^O^i R«Vt.TOf SOOfr IneftTlPk 
I^HrSTWO ^CCElERmN. 




I ft BftLL 
OM ft ftMvWP 

W<j HCftP, ?eoiU 
W0UU> Sft'j iHftT 
•^0tTS«H6ftl. ftJPCC" 
«t?5 ^HC itPlNO 
TftUT. JUT TNCtc 15 
ftCTuftl.i.'j MO (tftx 
PUU.»t*6 THE JH-l. OOT; 
Tt»g?C W W>THlN6ojr 
■mCFE VUtUW? T<4f 
8ftLl.i 



"CWTR1FU<AL f<m 
FiaiTIOOS ! ^fte OM-'l . , 

njpCC PVJLUN&OMTHC JftLt 
h W Of tHt ^TRiWj, 
flxtiw? TbW>«P THe CEW® 
Of lue dlKLf - ft 

amRiftwi 

THK ftW6 15 NrtiltW, 

9> 1MC JfU W5T 

S& 




ftMt) IHPE«? «■ IT 15 fto:et«ftTiU6 . 

tw CCKTCR Of THC ORCL6.I AS 
OWfCTS IN dlKOt-ft^ MOTION DO- 
wiiftT toetK TNf 5»rau& tmti tw 6au.'$ 
NERTIA TW^ iHCSTlft 'NWLO Mftke IT 
n>i TftVWNftftltV ftiufty. ^ ^TRUK, 
fju-5 rr cwniNununi (nwAnp " Mt U»ff t»c 

Eftpw MuW> -TOC MCOfJ IN ft ClftCUUB OftXT. 





WRK OPFCft 
«V6W>1 FICTITIW^ 
fORCtS. LOOK RT 

P6onC B*TER R 
C1UHPCK. WHICH 
RoIATK, pw%l|t6 
THWAWltt^T 

THE WAU. -Then 
THE FLOOR 
ORoft AWAy, 
LEAVIN6 TRCM 
PIMBEP 10 
THE WALL! 



THE PC0Pi£ iHiiCC the Rotor FEEL 
THE FltTITlOUi CtNWFU^ 

Force lutM outwp. 

9U1 OUTMPC OE^VS^ ICKOVI 

TM^ h oNL-f A CENT»?iPfT4t 

FORCE FROM THE WALL, Pu«l»0 
TUC RlOEK INWAftO INTO 
CIRCULAR RtfllCHU- 





IN AN AaaCRATINO 

(fwiATiNfr me) 

FICTITIOUS ftiRCe^ 
AfPEAR. A NC»|. 
ACC6LCPATIW? 0 «£Avr 
CAN WSCRIRE T¥E 
MOTION ftlTH REAL 
Rjftces AVP NEWTON'S 
LAWS. 









Wt SEE SUCH K OF fOW’i. 1W(T IT jAfc'J SEtM «C«LE5< 

TO ■n'1 W ORfrWil'U TUtM- H^RtUEIE^, flfJ*ICI^T^ HME 

BEEN MlE to ^VtoW TWfT THE KNOWN CFFfCT^ IH 

the WnvJCRSE ARC THE KSotT Of TWESC 





6B*vn<j 




|evKTflOM*6»rTitM tTHC 
I 1 9S9iM.Kt^ or , 

VLKtRKAii:) 90 ChCt) 



))n'-"{(f(( (-.* 

(5^ 




THe «j*AT0Mic IfigAK R>BC€ ••/ 


•TO fe(tcc WOIRV6 

rroMlC N0CL€^ TtXJCTHeft • 




9 



w THE v»w, THE OMiy ewe Of THE »wic F«c« Ever felt w 

EL£CTK>MASNETlSM!f WHEN yov WW THC WU CM® tr 
?y5H« e»£K') Hoi/re fccun 6 tcecrRit pctwscon bctwe&j 
AT0M«- Mou’ ilwc WCVCR FELT &WU»TV-W'-3 THE 
tlCCTRlC routes Of THE FlOOE THAT iOPFOpT yoM fc6AlM?r 
&PWiT3 . 





IHC ■yrCWTftPVfrM. 
KSEI*eU^ INTrKt 

rr pPopuCGf. 

IHOEWWBWT Of TtC 

iNvotveo 

WHS WE CN' SIIWA>TE 

ct)rniifu&6 IN 
f.%-n»NK;r TRMNiNfr • 








LET*? 60 TO 
JlEWTOH’^ <BC0HP LW 
f-m 61NCE: 
RCtLERKr(0»( me 

BltTE OF cmbc Of 

'(CUiaTB ov» Tl»«, 
w CM< K vicnre 
THE RJOMIOH K' 



FOffCE = 

mtKj X (time rate of 
change of veloci^) 




m HE«T0H fCLlEVED TUB CoWBCT t^ytnWN 5 kcxjLd BE 

FOPCE = 

time rate of change of (ma« x velocity) 




1$ THC OHVi f Poe4)/T ^UAM6E / 

44 




WE CkLL THE OUKTITH 

WQMENTUW5. 

TW EQUATION itfY> TWt 
R)KE OEPBUPS WTWE RATE 
OF CHAN6E Of fAOMtNTOM 



AN OeOCCT WTH SMALL 
t*m ANP lAODERATE SPOP, 
UKf A RUMAWKl BA8y 
CARRiA&e, BAS OWL.H 
MOOCRATE AOMEUTW- 
IT OOKKT RWIK 
R»cE TP CBAAiw rr4 
MOMENTUM TO ZCKO 
(|.E-,1b ItT. 



Vow »i«A \ 

TWI PO , 

dw awiunV 



(AOMEWTvm 




emvefe 




A RJNAWNJ MACA: ‘TRI«. 
ON TBE other haw- 




'HAsfeJWU^THt 
jMOMCNTlM Of A 
8A0jCAMtiA6E 
dOft'6 A M\tLl0N 
vMiLftAHHW/A:. 




IWHLI IK TWtUK OF 
IMPIXW K 
tWCt ACTtKj OVER A 
* 4 K*T TWE, U»<fi A 
|#T H'TTtKG k EAll. 




tf 70 JtfTIWK *E want 
1 \T 0 «WM (?6 Tve 
'i/rnci moe>ro 
CHAN&E JACmut-n/M- A 
em uiTH A 
nw^Hirre. Nits 

THE (sRoUNP WTN 
awknatc /aowiutvm. 



'VwnS \ 



THE 9frtw^ Jo 6 I^TO 
CHAN 6 £ THE ?ALU'^> 
AAOMEKTUM PRw /AEOtW 
W OUE WreCTFOH TO 
Hl&H IN THE OfftoStTE 
ClftECTION- SINCE "m 
Bin- WEETS THE BALE 
FOB. ONU 1 A S?LIT 
SeCONP, TME ftJACt 
KifiT a '^t»i LAB 6 E. 

lST 9 *lpS-J 



IfiW LAWS INITS 
KNEES LOAtPift® 
itoitenufA Wofs 
To «RO SWOENUJ 
SHE HU 6 E 
fOKSi in Wft 
LKA! DW! 






8 CTT 6 R. TO pO TT \|HTN KNEES 

8 ^, R 5 LUM& To ? 8 oL 0 Nb THE 
Time of impact, 
P««XIM 6 Twe 
\ FOBceS- 




w 





•/ 




Let ? Look For ► 
M\Fuie Coui«ot*4 
m tWLoSrovi?. w 
TXI^ Vt MM< 
SlTUMlOH WHERe 
THWb? ARE COMN6- 
To6erK». ce 
A»pr. 



coui^<oi> *»owt •nj MAPPEw 



I ^ 




tmo^ioN AfiouT 
To HAPfCAj 



Foft £XAM?t€, C0H4lPeR CHOOTIN& &UH. TH^ MJ BiPtO^ON , 
\}* TH£ €€H6^C S£H4C tUAT TKe gUUfT OM€ 

fiecofi.^ THc o'mcR- iw op 

m THAT THt I5 f jeCT0> UCAM« Of A 



C«6 m 
SMALL V 




o> 



SHALtHFI 

PlA V 



VIHBJ THS SPf^WO 1^ ^SUASCP, (T ^ fb9C€ OM THS ^Ul 

•y f*e»)ibMS T«w> LM*, T« iuui€T ah §ot 

CfPO^T£ ro?CC OH THC f6ft^ 

?(^€ epwfcc ^T om^iTs c^mbei ip $iMa thc 

6VH K MOAP MM4N^ THAH TXS ^lUT, it RtCOfC^ AT A 

veuoT^ THAN THC »uturt vctoaij/, 







MHlOmfM 

YM*ie5 



«0T TH€ 



MOMEKTUM . 
K R)iFV5» 



wts»TCnwee 



itj TH14 <;jAC, Ttt»6 
NO N^T qi^N&C IN 
MOMENTUM If THf &W 
WIP 9JUCT uJeW iWTiftu*} 
Jtr R«T. TMC MON6WWM 

vufc^ ■zCRo Re$r- 

4)N6t THE WiM? tKLftV 
PIP \WT dU^MW THC 
TOTW. /ftOWWTVM , TKC 
f\V*t WOMO'TVW 

p.u»o 2GR0-- “rue wuer 
ftNP &UN UWC BPWrt- 
^NO (W^T€ MOMCMP/M- 



Tom. UOUEMUM ts 'THE 

KTe*C W> JTtW FI(H«’ 



ftFTtt fc l-lTTLt pl«Ul4«(ON, ^ilCNTKTJ 

ptwwp h satN-nfic w*s u- 

4N3, 'MOMeNTUM OWiN'T <niAW6e." 




V 



COI^CI^VMICV OF 1$ b CCMiKl[f3tiC£ OF 

IWRP LkW- <^0MywR K FU>ilNt7 fft>J6CT(t-C TUM- EXFU)t>e5 

lUTD $CVRM ?\£C£iy TKK WUTlFl.e-WWlHEP(> -- 



tU Ml CP 

2, C, 

<3 

th 6 FoftCK ^enoccvi im Piece< uie ou INTERNAL 

(THERE MNj 9E CYTCMAl RXtcn, HUM A$ dRAVliV. ') 

REWTDR'^ THIRD LAW, THE iRnHMM- FO(!CE^ ACT W CQ^AL 
BUT OPtWTC PA«^. m<j FORCE OK OWE FIECE OFMET 
AK EQUAL AKP OFtWTE FORCE OK AKOTHER PIECE. 



Q 

<0 



THERtftHiC. -Qjt IKTERNAL RJBCE^ CfsH PRODUCE Ol!l0 Cl!)(?if 
<SKiaM(?'S '« /i51(2W^^ CKTiO^lOK^ 

C0V46RV6 /AOMeKTUM. 




THE ^M6 fcWWMCMT HOLW RJK COLM^OW, wHiCH M(Wt 
BE CALLEP EXfLO^lOH^ IK PEVERSe. 



7 ^ 




WE U4EP S Focttr To ILLWTUME [«WTW‘S TWTO LAW. AW IT 
AL**? illustrates CoMMRVRTOW of MoMEWTUM. to KtELEEATe 
V WKf, Mou iWST CJECT SoWCTft\«, CT«£P WA^ - 
NUftCLll.THC CWAWET 8ASC4- I'M 4PA<£ttlAtWr*6, AW> (*>/ 
WrfCciJwT ««6WS FAIL, HOyi LXH SET 9ACJ£.7 8>J TftteWvJt 

SoUeHUHO, SW CW6<3F M4 TW.^. IP OfWStTC RRSCTlOP- 




VlILL THE m ELOWIUer 
OP THE SAIL 1*0^ 

TWS ^AlLgOM’ M! 

(WOT UNLESS S0« OF 
THE WIPD fRoiA T« 

faP Misses the snl, 

OP 80UMSS OFF IT 

cwr THE OTHEP •<>*)-■) 




SoMEthinCt Must f*0« AuuAy FtoM Vf€ SA/i«)AT OWE wMj R*R 
IT TO K fUSHEp TH£ OTW WAy. 




7 / 




MOMEUTvM COW^^TfOH WK BR^T t^WCP FRoM 
lJ6Wlt?HS ttttRP LftV<- HWG CoMC To WUWe 

TMfn- Ci)^^4CRV^T(0^' OF MOfUEW l4 -W M»C 
FOttJAWHTRU LWJ. frwo NEVJTDWS f 

Or IT. IN CtOSEP ^T6M ^ ^ 0PFlWvT(Ot». 

PftE MO E>!TtD/W- W!^<>' ^ MOMCMUM 
C£M66Wep. 




IKW 'HWE OF -raf . 
ONlVCtL^C RS ft WOU. 

TUfRC iRC 0«WC«^C5 WD^ 
CioeRNH R5fiCe<i ON Twe 
UMweft^ ? ■^>wii ■ni6 

wsfti. 

I 19 S 1 W (WB'WIKE 
“ <g®5««OT . 



✓ 




l^c NEWTDtJ lUJlC^T 

THE^JCNCCOF «EOlAU't‘i. 
JUT T«R6 owe COWCCK 

HE ENFR^Y- 








COMH IN 
FOPMS, MT 
TME EA«IC DtFlUmoN 
1^ IN TRM% OF 

WOfiK 




<Hi ftu. HAVE A COpCCPr Of VIORK, 8UT |N TOH^4, THE 
RCFipinoN I* VBW FRECiEe tn Ski that nork po«c 
WZV A foUi F W(We^ A R»4 THROWM A PICTWrt i- 
• WORK K PCFIHEP M FORigg Wm S»DfKWI» 




Ws1F4 

IN THIS CtBWfTIW. 
OWJjTHERJKC WTlte 
OtftKTON OF AtoTiOtJ 
QWWW- If I FW.C A 
WAGON At An ANGte. 
ouL'i THE Horizontal 
?«?T OF THE fOLL 
POK AlAj vUORkr. 




7 ? 




MQTlO*' 



Mhev ^ WMTte‘>5 
CAPfiK A TPKS 
MtoUW>, flEB 
SyppD?r fbpce t)oej 

^JO WO^K, 

9fi:Aose VT »; 

> ?eepGMD(cuLAfi 

TO Tttf 
MOT\OU. 



If ' HW&L ^ 1 [ 

A BALLOf< > 

^TPWt> ^T 

C^^^TAW^^eel>, mma- 
MO IS C0N€- THC 

Tf€ (TMie>C>3Tl«.) VfLoOrJ Cf iw: 
6pa (8ur V «>«^'^ toT)*, 

SOJAE V^OW^TD^eT IT WtWRUWJ 

\M -mt FtR^T PLAC€.') 







V ' 

LiTTte NotufJ, 



4HC«MV 

THKT, IVWfW AS -fflC 
MOCWS CftftT IS ClECULAR, 
TVC 1PDE5 fO \WC«I>: 
£?»l THt MCOHII TH£ 
(>PAvitAtiONAL F»Ce IS 

PffPEHPlcUt>« TO THt 

/ACnjow. 



7J- 






P6PNCP hh 1116 <3^\Vj 
TO 00 WORK. TUE PELCA« tNCE6y WORtT- 



AMt» CC>ltt(7 WOPK « ^CWCTH|N<» APP5. CtttGy To it 
40 - ENEK-’J ANR work APE AOTUAU'J EQUlViLCt/TT 
COW^CPT^, AMP we- write - 






IM TUE EM6C)4U 
4jWM, tut UHtT 
Cf- ENCT&H 14 THE 

rwt-pouw 

(R 6 T*P 5 Wlp 4 '>, 

AWP ^ "W /"tiPK 
iM 4 TEM THE 

NEWTON-Mrtl?, 

WUI^U 14 Al4o CAU.EP 

JOULE. 



40-. out JouiE s THE A&iWTV TO EXERT A RPRCf OP 

NEWTON 0«R A WIAM^S Of- c»ft meter. 
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WPfrtC \ throw K 8HU. 

I Vo WRK eETnM& TH« , 
JM.U IAOV1U6 • ' C«RT A. 

fcpff P ovec. k Dc;Tk*<£ 

A TH6 RKJ. TKVi HAS 
W5WRH> Sc?l*e GVJe«6^, 
•Th« 6««H W WOH, Oi» 

6>*EP6^' 



m&tic 



k 4IWLC MATHEMATIfAl- 
D6RIVAT|0H*4H0W>4 



Kl 






«EK m ft THE »us . AMD V 1MT5 VEt«:\Ty. 




'OH THE OtH» HAW, WPTO« 

1 LIFT RIN60 To A HEt6HT h- 
A4 1 EXERT A R>HCC W * 

WHSO'4 WE16HT OVtf A 

W4TAK6 h, I PD V0<* 

W-h = mfh. 

M0VIN& AT Tldewp, SUTHC 
4TU.L W4 AH ACISP 
OF rftflk, J«^T HKAoSe Of 
WCK IC 14 IH Ttf 
eCAViTATlONK. ReuP. TVt^ 

Cytt£A) 14 CAtlfP H15 

K. - mgh. 

* f F ^ KF • F*4- ‘ d « ini’*, ^ 




PDTCtniiii. c^CR^l^^ 

fOTCNTlM /jrs 

BEcftu^rrCAH (cm 

^ 6COTEW \p**'y 

BACK ki ■KAL" ^ 

KlUCTlC EMEP6*). 

ALL 1 H»«E to 

po let 

BIH6O FALL'. 



A^ rte FALL$ FA4TER AM? FASTEP. «I4 ^tiTCHTU-L EMCftSy 
14 &eAPUALL>< QPNvgiiTeo frHO KlUCHC EK£R64. f?T WE 
PCTTOM, J\A4T BCFoPE (mFACT, ft>rePT(AL yJEtKs'l 1$ 
ZEto, AMO H14 ORi^MAL ftrChiTtW. EJiCE6^ HAS 

EMTiRH.'j Kinetic, that k, 





Fficw THIS VDO 
IWfAtr- V 



«>R V, «14 VeLOClTV Ufo^' 






7 ? 





ft 

^ ir M Tttt 05WCB»T of EHCR6«i WW ^ /T x 
V - wvcioFep, W>i^k:»vr4 6 jr^wml>j 
^ KK12C0 TKM EMfRfry. UKC 
/f^f MoJ^CMTUM, K COVSCt'^- ^ 



iTHE CowaiSiNfr w»6mT CUEWJ, 

IN iwMH Pi^sc^. A'S weu ^ . ) 

I UERtS kV fcFPLlCATlOW Of EVCR^ COiftCWKKON- 'f Vs K -WE 
IVJlTlWu ^Peep t'FTW^ CON^TEB, WE CMt CoMFvrre 

MC3W FNB IT tik<, PKCCWPep! LET h 8F 

ttte oi*.T»icE pc^ccwpep, mip v^ its piw*i- 

^ t N. VELoLrr^- 



V- 



iWTiAt EWERS'! 
FIN^W eWERfey * 



■WKC M« e^vR. w 

CBiSOWATiCtJ Of CWERd^J. 



a ^r^'^o + mgK. , so 

V, = V^^ + 2gh 



''CflWStP-Vft-TlOU OF TtU.^ TW^T THE TOT^L E«PW 

Of TW SMSTEM POB POT iHANfee - »VT TK£ E1©J« MW 



K CoNvcpTep INTO cnwi^ 
R«Wi . WHKT WPre« T& 
ftv&o'^ cnepw iwen he 
HITS THE FtOOE'*- MOW 
Both the ifiNCnc anp 

?DTfNTlM. ENtR6ia 

m 6oW! 




Uf« Looic AT THC IMPACT ITSELF. SOME of THE ENCR&^ IS 
CONVEPTEP IKTD 0£CS3?' ^ ^ DI$7DPnU& 
THE FLOOfc -AW? piSTt>CTWfo RlH60,FOg THAT MATTER. 

AMP 5?ME. EVEN Mo^r, SoBi Wn> [5I33[?* ^ 

THE RCCR iCE BOTH A UTTU WARMER AFTCR THE 
CDCLlSlON. IK IMPACT J(«>CK -mfiR MOLKUS -AW> 
HEAT 1$ NOTHING WT The KIMETIC Of PlttloW 

OF Mocecuies w 




Bo 




m\0^ OF EN^ 
CHMJ66 WTO EACH (TTHE-R 
0>9TAMU4- IMTHE^KMCt 



U)E |J5C«N THM >T W EAS'J 
To COMVCRT KWET'C EMGB^ 
[fjTo HEIcr, WT lMi\ HAtoCft 
To CoMVEIiT WSAT IKTO 
VatiCTC. EV«6^- 






INTO U€^T 




p^i<« «ML 
irC^ ^WTO 



CM^ 0>WEW* 

ticker ^ ^ ' 

ftn* ^ ^ 

CD0Ui*&s^<rE>*.^'® “-W 

(Aum U»TE9C^- 

8OT ai6BW W ^U0P<y$ Oou^iCRira? 



/ HE^OL^ 
(m^v' 



- IVJ O-WER VIC1R« 



Work propu^cp 



HW cowiMO our 










WWW I UfT KIN60, I 
PUT iffi) 

(MP TXPT 

CcH6 



\ti MOjt.kP^ eutW»1. 
HW04 (H TVtiV H 

Otifxtmcr IV 600^ 




EUCR^ > 
tWHOP P0TW1W- 

cwM^ T& *me 
It^^TlCW) bf KCCTtM 
itMoiKuLK* Eiartijc 




THE CKeWCAL 
CMAE prom PUWT 
TU/PT t A.T€.(rM ^ 
««T>JUkV.) 



T»« PLM*T COWERTSp 
THE IW>tM*T eV^ Of 

$U)K. 1 W*T lirib CHEHM. 
EU96*j Vllk PRDlt^R' 




THE ^MU^r CXME 
fRM MUCCPAPC^ 
f*-we9uv. 







AMO -n«f suift Hit'to***' 

MUCLCl WEAe <eEATEP 

F?0H IRf ev*M4 Of 
Tveu»wt»<s, tHC 



Ev£» TW CWM*! MWIN6 

TVC CM?TCX>Vl^T'6 PEN 

CW ec Tftp^pp gMK 

W Tni4 WAvj XO TH6 

gie> BAM&V 







COUl^lOfA ?POViDE 6000 iLlWTR»TtOM5 Of THE CONSERVATION 
Of MORCfJTUM ANO EN£R6H' LEtS 6TART LTHIHC? 
«)JAE Tl^IN66 COUIPE VJITH THE GROWp. I’tt ORof ^MC 
gALLS MATE Of VMOOUS «ATEWAl$, AVJp StE HWM HlO« 
BOUNCE- ':fOU CAN SEE, SOME- BOU)JCE 
TVAN OTHERS. 




IF BALL boumck back Torn original rtEiewT, we 

5A^ rr 14 




•n3T^a'^ ei^STtt to 

-rDTpuXk) \>i 

f. TOTMt'J mEUSTiC 
OOUlftW, THE WLL 
OOKM'T eoUWCC 6KK 
AT ALL, LIKE THE 

WW or W£T Tl4We 

OP A 8LOe Of Mt^- 



I » ♦* 

I ( M 

: j t 

' i ■ . 

T«mff MU-W^ WT“^ 
CUAtlC. StMttC 



W A TOTW.L4 ELASTtt COLLISION, HO klNETlC 14 UXT 

A« HEAT OH IMTA<^T. THE WWABO SPeep (FT« TW ftKJWCP 
14 THE 5AUE A4 T«C POWWIARD S(«t> JoST gewEC . IH AN 



t 
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<%■ 



it 

C 6 



v| 4 I 

eu«T.c 1 -eiA^T.c 



IMELA^C Collision, 
SoMB OR ALL OP 
THE C«06C-rt 
Kl»«TiC eWR&y 
14 L04T. 



' > W6WT TWUK THAT 
HO ^AL QPJeOS ARE 
aWouto-h cusnc, 

lOT C0LLIS(0W4 6FT*)eEH 
ATOMS CAN 6S Stua 
Hf AT THE PANKM 

iCiNETlA ENERey OF MMA# 
Atoms, heat pees not 
EX6t at the level , 

OF ONECF-TWOPWS- 




J 




y 



’ HEPE 14 A TOTAU*! INELA'^TIC C0Ul4(ON- A U>AP6P 

FRCIOttT CAR, A^Al44 tOO.QOO kq, RoUS »T 3 rt/«€c 
Into a 4TATI0NAR'! CAP OF /»\A44 50,000 kj- WHEN 
THCj Hit, The CooPib^ EM6Aee4. (iwiMAvfEE it 

\NELA4T(C-) T«EN 1«HAT ? 




H 






miBS^SM 


[ UUi^ U LI U ^ V\ j 



^OWTjoN • V'ftKT Hj FlNP TKE VELOCITV OF THC 
CDOPLEP CKK. CW.L IT V. TH6W - 

OwiTlAl. A^OWMTU*' » tOO.OOOkfr* ? m/«c 
[^IWW. MOMENTUM s 1^,000 



«l«e MOMtJifUM a»«RVH>, T«^£ TW) ARE 



l%.OCOk&-v 

40- 



900.000 M -Kft/^gc 




gfc 



V = a «/fsc 



V 



UtBES A 1 PIWN^IONM 
CXAMPLC AN 80 >«& 
WTgAU Pt>jGR WNO 
NOftTH AT t WK hTAC«l£P 
A 100 >»PLA)CReoitM» 
EA 5 pT at 1 M/^ 

APTCR-mc impact, WHKW 

^tow ? 







V 




EA?TWW MoNOfrt"*'- 
(»RT»»»o momcwtum 

Total » 18 o 

to: 

HUM. 6MT- , 552 6 1-1 tfiliec 
NfM 'Kuort IgO 

PPMWAtH- !.?9«/sfe 

W^W) VtlOO^ 




LSN&TH OPTWi ARRCM) 
THE FiNAt ^Peep • 



T« FIWM ttCeCTiON iS 
me vecTcfr ^m-. 
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V 






vtuH oo>n- -njw inx‘> M (wr with ualf thc speet^i infcr 

VJDOCD CoNSCHhC ttoMEWTUM. « WV» ^WV+^#.V. 

(aMEtU: CWCR6>^- TR6 
IMCOMIWO 

IQg. . 4mv^ T\«> 
ftKtS \wi-nt WMF T«f 
4fCep H*VC . 

KE.= 
s i-mv’- 



' SiA^Tic > 

Cou\^o^i 

CO>)tt().vC 

'Tsr 

ttvenc ^ 
ve«i6V 



EtttOTlvtf 
.fcb«€! > 




V 



VHTH nIU^T TVIIO RKLW, 
« CWi (kW RA^TIC 

collision eerwtgvj two 




6 




TH£ IN 0 DU(W> BNJ. "^Cf^ 
DCW>; TRWftfcRRlNb 
MX |T 4 Kiwrnc 
CUtftfeM A»t>WMGiriM 
TD W CUpSOlWb 
B^L 4 ,- 




YOU sff m SAW 

SlTVATlCN. AffRCl|CiMM«LH 
IN -rut HEAP -ow 
CoUftfON of BtCLiARP 

BALLS - BUT VWTH 
«ILUMI> BALL«;,^C 
Cf TM W^JCTic OJCR&^ 

V? IV) TH£ 



WHCtt BRIMtS us 

T&Tf«liW.T 

SECTtOM- 



>1 


















We m W-L A.WWJE THKT A MM4W6 06JSCT. LIKE 
T«rt -WHEEL OF FORTIAS.' m [g(3S^Eft3JC!3 

fW]SKfffD/!&. ^ 

1-rk ftmjfo Rs;W^ ^ 8^R?RC (ftCRoM 

T ToTuio^T JV^T ORPlUM?V iV«m Rt^ 
^CCtLCRAT^C^^, ROIATIONAI- *N6RT|A RcrTATONRL 

ACCEUR^T^OKJ. 






WiSSlK 



WlS > 

'nkM6»*Tktt( 
CMUUP<^* } 



9® 





OtO'WU muzc 
That rotatimal 
1(JCBT1A OEPtWM WT 
WJ'-H OW WA«, BOT 
ki.V) W UOM MA^ 
pi^TasuTW’ 

MA«% OV THE OyTElPE, 



HIM XmTBMU. 
MOm> WM 
TDtTWrWlW 



AWW FHW THE 
CEWTEH. HA1 WORE 
ROTATIONAL INERTIA 
THAN MA$4 ClWER 
TO THE CanER'. 



i«> ■enriowL 
Momk 
u«a TO 
mrriwM 




LEf^ RJCE A “RlM-LOAceo” HWegL A6MUST A *AA5C- 
ceNTEfzep iA»H®€L powN W) ivCLiNeo FUwg- tw 
Uit,^~CQSr&So WWttt QUCKL-j TAK« THC- L»0, 
gRTAoSC IT 1% EKiGfe To <JCT toTKnk)6 TWAv me 
WM-lOAt>eP WtCEU. 
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IP POTfcTlOWkl. IS 

►VALO&OUS TO MKS^, 
WHAT H» TWC ROTftloMAl- 

^MAujfe CP FORCH ’ 

\m Rutso opm A 

ooof. 

pvWNO A^ FAR Fft»* 
THE V^\Vb^ AS 
pO'^ftUE, AMt» »<iS 
Push is PERPEHnouR 
To THE tW)F- 








\ 







THP 5AM6 PR.\NC(pLe APPtiR wnCVJ 
i)oa use A wF-pnch to Remove a 
viyr 'jou &RASP the wrckh as 
FMS our AS PoSSlWC A»»C> PUSH 
OW pou. POPCROwrULKl To THE 
WAEK>CH- 




s/ 



W C^U r ('R-PWI.TMC PERtWPiCOLAft FROM 

TttC PiyOT fewT TO TUE UNC Cf FORCE , THE 



LEVER ARM. 




Torque = Ft: 

topque ft THE Rotational Aww.ofi of . 








MoiAOmiHi (M9> tinus 

V^LOCiTH'), M&VCIA MVA£»nVM 



\h kS 

ROlyiTIONAL INIRTIA 

53 

AN<fOlA|? VELOOTS . 



(^MfeuUR vaoClTj K 4WT T«g HlftUW(> RATf . W OH ?G 
EXftiej^Ct) w REVOCOTfOM^ PCR ^e«?up- ^ 

J jSSTfK *iA 

1 raJ. 1 

\«vimst(*»^ 



yuUKC THE MiowNT Of tlOrMipHM. iVeft'HA CAH BC 
C«AN«D *lvVlP R£Atl|lMJ6l»6-™e 

Trtrt RoTMtoNAl- MOROV WOl^ CDM«.«>.Tei>TW*l 
MoT(OW- 

TN®. ftA BCA»N?t£, 

TWO?fOP 

Tf€<?INWlV& ■5:s:=C==:a‘*E==C===s’ 

ice <^m^... B# 



REM6M8Et»lW'T wOttan’UM i<> A65EVCE 01* 

eXTEPNW. fORCE^. HKtWSE, *OMEKTyM 



CON^tRVEP Ttte AKENa OP EtTEpNAL 




o 




eVT WMQi ^KE (Vat m tCR 
l*EA BOTATIONAI. iNEftTiA GOfi 
DOWH- HEP ANGULAR MOA^NTUM 
B6MA1V4 QjKtTANT-^ HER 
AUEULAR VEUXtr) lACeCK^ I 




IV TW« PKPECr, AW ICE 5KATEP RESEM^K A C0UAtSlW& ^TAR- 
TREt^ eOTp co^ncwe AN6UUR MoACMTUM ! 




WPCV A ROTATlWi STAR 
PiK. IT 8E&fWS TO 
CflUAPW PKMA TAt fi?«E 
Cf-mom SRAvi'nj. 



m sriK ivcREAses 
TO COVSBftVE 
AVM.AR lMlEMTi/A< . 




UR6E RoTCTKmAi. WiRTft « 6l*UX SPIN BKTf 
5MAU ROTATiCKAC IWERTlA « SPlM RATE 






RoTATioKM |WT(0M HOtW 
SOMt WtfPBISK W iTDRE, 
HERE'S A BJClCLC UlREfL 

H^N6IW> owe CKD Of 
m wac. MRTURAU^ \r 
noft OvcR ow »Ts st>e 



BtfT Not IF- tt’s SPKWIH& 
RkVT! ». 

POfeii'T PM-L - IT 

PRECESSE»-™^^ 

IT5 MIS 
ROTRTtS IN h 
HO^^r^oNT^L 
PLMJE! 



(VEC£SSrC>»J 




MW ToF « K »A(W 
ETARIFLC. 
eWVlTH OOCSH'T 

Mufi rr FM-i -'■T 
flSCCSSES. M»-T« 
TMfiuC ON THF EKRtH, 
CNJ«P W TM lf<X^ 
gww-n, KA<6s m 
EMITH’S «IS PRKKS 
ONf RPiOt-OTi^^N 
Zb, 000 4CRR^ 






vow LET'5 Put our MECW^MC^ 

V30WLEP6E 10 THE 
UtTIMkU TW’. 



f 



LETl itt (F WS CAN UnW*«>NP PRECtWC* -. ^ F«4T, ^ 
AN OR6EIWTON AeoOT LitfAR NOTW- M OSJKr \<> 

pa W,r »ip K ^ OSJCct 4t>Rts 

TO ACciLCRMr \¥ THE MRECTOH Cf W fOKS. 





A R«a 
<W«iiH) 




VHO^rt^ 

pirfCTW 

rn^ 

MU 



. o 



^^^OWCVER, IF TVC ORIECT 1^ ALREApy 
M0VIN6, fcVP the force ACT', AT 
RibHT ANRE^ TO THE MCnrON, »•£ SET UNIFORM ORCUl^ 

MOTION, the foftcz CURVED the 

VEloaiy AROOHP, BUT 
tx*^ NOT CHWJ« 
ptfetten THE 4PEEP - 

QO^MiK' 4)S^ 







(Mcr HM 
ttuor'j TO 

U6M 






FOW K*W ,, 
'foiAcniofj 






Ma cpmvvts 

?^n¥V»£jJ'^ 

Tb 
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V 



4MIU£ 
HAfTEN^ WTH 
JtoTfrTiON THE 

WHEEL IS NOT 

THE nOP$UE 
FRO« TW f*El6HT 
^CCELEPfrTtS THE 
WHEEL WJ6WW«L'^ 
UMK> THE TC«^ 
H-MS, INTHli 

(.ki4 T« y Mis. 




bOT IE THE weeu IS 
yiNHW», IT 

HAS AH&aAH MoNCUli/iM 
' NJOUNpTHC X •^X(S. 
THE TORQOE ados 
^OME ^PIN AKHM? 

I The y-Ax(s. 
FCPpcHPicaA«- ifc> 

The 0RI6INAL SPIN. 

THE RESOLTINfe SPIN 

Axis isTudNfoA 

LITTU IH THP 

^•y Plmc. 



SFIH l{ /HUuW: 
X-N»S 



.'Hew/ 

fmtxH 



*ODEt>«f» 
K AeouM) 
y Atis 



THE TORQUE CONTINUES 
TO AC.T reRpEHplCULAR 



TO THE SPIN AXl-S,40 
THE fPCCESSlON 
CONTINUES. MjNloeoSLH 
TO THE Linear case, 

THE WReCtiOH, lUT NOT 
THE SITE OPTHE «SPIN 
HASCUANSeci. 




<ie 




THE OH THE 

PA6E Bf^EP 

OU THE CONCEPTS Of 
TORQUE MlD 

W*i»nuM RPT THESe 
COWCEPTS NK UairtMEW^ 
ltASt> on Nf»ncin'4 4€tOW> 
LK»I, F * ma L*T’^ 

IF Wf CMJ WOERSTAMp 
Pttd£4^K** JiAT FRW^ 




MHT i THE TPR©06 ETSRTtp 
OHMffn T6H» TO W‘*'6 -m HKEIU 
FLOP CpVER ‘O ■niEPE'^ W 

oirrwkRp wa on the top wlf 

OF THE WHEEL, MJt> M IWfAPP 
Wt OH THE ftjTTOM HALF. 




NOW LOOK AT A ^MAIL PIECE OF 
THE WHEEL A4 IT 4PINS. >f, IT 
PA«E4 THROU&H THE UPPER Mcf, 
rr ExPwiEKEi OsMtihual 
OOTWARP FOSCE 




THEHEFOPE, it ACCELERATES 
CUV/INSf, REACHIH6 AVOUMUH 
CWTWAKi VELOOPJ VHEH IT W 
AT THE SICEWAi^C PoSniON, A»WT 
TO eUTEP the WHEEL'S HOTroW 




SI«llAftU>|, CRCR Piece OF THE 
WHEEL HAS MAXlMrM INWARP 
VELOCirj At THE "HORlZOHTAL • 




So-AS'fOUS€E, THE WHEEL 
PREcesses wstead offioppiuo! 





V 



*fcLL. I WEt»T SO wttt TIME EXFLMMlOfe ?RECC610H To 
■jew IW OflOCft TO SHOW H0\)J Q)iI*PUCAtEP THINGS CtM 

Get, Just stwitiho fpom thm sjmt b^v^tion 
F s ma ■ I'ttW ^ WHKZlW? T^ffT W^V - WW> 

MWPG UlC WIU. towa T>*E P»1SI« Of THE CHTIRE 
OHlvet« TO ^ FAtt Futt Cf EQUATIONS ! 








fDD 












❖ 

0 



WE WJI*) TOW Pft>A« MCOWli^ tl) EUe^TRitl-nf APP 
MACTttCtiy*. IN MEOIWiW WG T« flAjt t>RoW^ 
OF MATTER GAUICT MA$$ ■ IN ELCaRiCtTJ, THE 

me GOHCEPT 14 CHAR66 • 




MeCHANtCAL 

CONCEPT 



f . 



-® ® 0® ® ®' 
, © ° © © ■- 

ELECTRiCAt CONCEPT 



ftoTiCE THAT MECHAMW NEVER TDU) IX WW MA4^ 
"REALL'i IS," WT ONL>J HOW'T B£HA'/E4- »N THE SAME 

WA-^. q>44(CAl- E4M TELLS \/4 HoW ^HAR&E BEHAVK, 
BOT HOT WHAT IT 14. 





n K TO rpopocc k uirte 
CUAP6e - JU4T RON k POWER 
COM8 TUPOUW <jCMP. WJft.OR 
P06 A RVjSecP Eot> WITH 
FOR- 



rLAfE THE «:HAR6GP ROP IN 
A WAN&IN& •&TIRROF MJt> 
ftim& ANOTHER, ^IMlLAPl'^ 
CUARStP BOP H^R — THl'J 



Bl/T IF I POP A aAVTiC Roe - fRO»A EXPERIMENT? Utt 
wrru ^LK- : IHESE W LEARN TWt 



IQNP5 OF 
CHABItE... 



IT ATTRACT? THE Rl«BCR 
ROP' 



ANPTUAT 
HKC CMAR6C& 
I?tPEL, AMP 
UNLIKE 

CHARec-E c 
ATTRAaM 







Cqot- t79o) NW^EU f«6 eX 

CUMJ6C5 posmvi M*c) negative. 

vie WW TMAT ALL MAHtR 1 $ 

Of 

Of NCSWi'ftL'f CUAWO> RKTROIlVt 

WUttt.lV36 ARoyMP 

VtXilWClV dHAKi^ FROTOnt, 

NEVTRWS, «w<i^ »WE MO 



CIECTPOM^ ANO reOTON^ CQOAL ^”0 0??0^iT£ 
AlARfee*.. NOWWL AtOM^ MA''E O^ACTL^ EWOW 
necTROfJ^ TO BW-AWee THE PFotW^ IM T«t »)aEO$, 
mSwSV KTOfA OVCRAU- weyTCKU- 






( 



»• 






© 



V 







i) 






\ 






«WT VJHEN W EIKT50N 
/ \‘> FROfA AM 

pOM, TW ATOM 
' fecowe^ A FO^iTWEiy 

CttARfeep XON. 
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A 4UAR6CD (MMT Wl-L ATidACT 
(JtVTWO. OeJECT^. P\J98ER COH9, 
C\HkS^ Mt&«nvtl.y a PltJW'S BNK, 
'AllLU PkiK up WT4 Of PAPER 



IS 



n t)OC$ 6 o BtCAU^ TOP PAPER 

BECOMES, ELtCTRtCALUY 

THE H66ATWE COAB 
REPELS ELECTPOH^ 

IN THE PATCR AHC. 

ATTRAtT^ THE PO^TH/E 
NUaEI Of The SpJM** 

IM THE PAPEP- 
THERE A CmCif- y5Ti 
^HtTlHTHE 
PAPER'- EV&l 
THogw n 14 
HEOTFAl. OVECAU . . 







.. THE POMTWt AAK>E 
THE PAPER l$aO^ 
TO THE cone THAN THE 
NE6ATIVC OtAR6E , THE 
PO^ifnyE CHAR 6 C ft iHBfJ 
ATTPMTEp MORE VmU<j 

Than the ne6ain£ 

CHARGE ft RCPEUEO! 



FR(W 

OEft*VATioM^, Ittt 
PEPXt THAT TW 

i\fcruiai foftcc 

OliOVS WEAKER 
WITH P15TAN(E. 




V 





WHEN 'iov RUB THE RujKR WV'^H 
pyR, 40ME 6LPCTR0N<- ^RC PWRep 
OPF THE PyP ANP ONTO THE POBKR, 
60 THE P068EP AC(?0IR£ « A 
NET NEGATIVE CHARGE (ifWlNb 
THE PJR ?06<TWC) • 



r 

r/- 






SIMILAR!.'! tilLR POgS CLECTPoN^ OFF TW PLASTIC 

SIg Tk PLASTIC WITH A WET PPS-T1VE ^HAB6C . 



ELECTfWS ARE CLEMEHTNN UW!TS OF CUAR6C. 

EASILY Tt^KSFCRRfb OMt OBJECT To ANOTHER. THEy 
MAI Also K PASS® ALONG THE SANE CBAECT - LUCE A COPPER 
WIRE. FOP CKAMPLE. 




MftTERiAL^ Like Rubber. 6um. 
WP plastic are tLKTRiCAl 




CUAPM LMl BE OR OR 
OfF THElf! SURFACE-5', BUT IT 
TEL»S TO STICK AW? 
WILL WT MOVE EA«L'^ 
THf?oa&H TW materials. 






RUBECR 



Cork 




WT IH METALS, UKE COPPW. SILVER, 
AMP ALUMINUM, TUE ELECtRORS CAM 
MOVE AROUND FREELT AMP EASlL'j- 
METALS ARE ELECTRICAL 

CONDUCTORS. 

WUAT WC CALL "CLECTRicrrj" 

MT A PLOW OF ELECTtoMS. 






ALTMOO&H THC law of aECTWTATlC fcRCR ^E|a4 VB?^ 

SIMILAR TO THt LAW OF «AVirj, IHBRE Age nWDOp WFf EttKK 
KTV/EEN TUCM- FOR 
txWUpLF, CjWWITV 
MWAl'i attracts, 

JUT ELECTRK»L 
PCRC£^ CAN trWC? 
attract op PCPtt 



AL«r. ELECTRICAL FoKES ARC VRSTUi ^TRoN6eP TkWJ 
GRAVITATIONAL FORCR, >F A (»*tK'') HuM*a> BlUiON 
CLCCTRONG were W>VEP FK’A'' a PLA«tk Rod To a PuPKR 
ONE. THERE 1^> A ?&C^VLe AT-reACTiOM WrwaN TH6IH , 




ROT EVEN VATU ALL lO''* (» To" BA-CON) ATOMS IN TftE POO 
PU.UN6 SRAVCTATionALLS, T« most SENSaNE IfKTROMEHTS 
\AioOD WAVE TfOURLE ttTECTlwG TT! 



J 




rt CoN^PVBO- 
THE KEf the 
^WA OF THE NtWTlVE 
MO ?0^E CrtWi(5e^ '« 
l^^TH? ^-^ETEJA 
CMi^>or 



(*lH» THE NEOTHAl- W«KR Wft« 
dUftWfEO W frN'MW. F^i THE 
fO^tWE iUftH6E OW THE FUR MRTCKef 
THE NC»WC im$t OW TRE RiAWR ) 



■+l 



r> 



\V 




IT IS POSII^LE TO 

CREWE PAIRS OF 

CHARTS from 

tyv f 

0^0 




TWl? 1$ -POUC „ 

^ M'i W&K-eMERty 
Pi.RTk:Lt OF LI6KT. 
WUC»J ft Kh'j 
PW^R HE«^ 

KToUlt NOCLP^, ^ 
ti.ui atMC TWO 

RGCtftOJ 
tw p. fosmog 
pOSlT?ON. -n«C 
TWO (AAi 
AMAtMUTE EACK 
OTHEfi, nk>0UC|H6 
MAE &^MMA 



fowo^ 
©■^ 



EIK.T(o^ 




Wuc.l£W 




6UT no WOMJ fW44^^AL PRoCE% CAM CPEATt OR 
tP-TRO^ A 4lWae Ct^^R6E'. 




/ 



h Pitcc op elktbc>5twic ^ 

foi*‘ 



’fOUftfCLf V> AM 

ELEC7R0PH0RUS. 



ncm 

PU*« 




OiiA 

WA 




MO/U N ?LMtl6 FLfrTt FORTHt W5E ^ MC^XL 

Pig PLAtg va'tw k ST^poft)^M 

avfo to IT. 



PUB BK<»6 WITH 4llK. FU6, 

c#. w»t. t& cmb£ l-r- 1 


PlPCe T«t WiCtpu ft ATE 
cm Ttt 8A6C , AMt. TOUCrt IW 
FLATt y»TH 4wR flyOCR - 


mimtSmiw 






UFT THE ftATC Cff TUC 
IJ6€ THE IM60LATIN6 

MAHOLG- 


HfWi -JOi; CAN FtfAV< A «PARK 
Off Tttl PLATE WlV 'IWf 
t^uCKLE- 




CAf fpopyce A 

rw-a iw a FUioftescetsr 

UO«T r^£. , , 

^ ^ 


/ , 1 • 



IlG 



MI mTSRWWfr FEATURE OF TH1? WBRIMCMT T«At ^joo iAR 
THE PLATE M TWCHlNb IT WTH nu6eR 
REPEATEt>i>j , WITHOUT FURTHH! RoSElMb OF THE n%- 

^ ^ 

U0*I PDK TW$ WORK? WWRC POC^ TME e»ER6^ WTHC «»RV 
COME ffOA* >f TWe CttAR« OR TRC BAW IR HOToSgOU?? j 




THE 8ASC \h OlAR6€t> R6tTlVC 
By Pl«BlNb- WttEH TttC PLATE 
14 PLAC6t> OR T«E BA^f, it 
ACTUAUM tt)0<«K IT IH 0**-^ 
A PCW n.ACg^ •• 






41VC£ THE WrtE 1$ A*» IRUATbP, 
VERM LITTLE Cm^i ?U)Vi- 
WT WHEH you TOyCH THE 
METAL, ELeCTROR^ IN 10(jR 
0X3^, attract^ ey THC 
PD^TtVE BA«, FU?iu ONTO TiC 



youR. 000^ AS AR 

aECTWCAL Wound, 

A BC«W01B of PCK^iTtVE 
AAIF NE6AWE aAR60>^ . 

WC ( T»c Crar&e on the 

PLATE CoMPj FROM VOU. 
EKPRlMEWT 
/Q CWJ BE 



ANP -DOES the ^AP^ 
EH»f!/ COME FWM? n CW*ts 
FWM THE EmA fofd 
'jCU M05T BCGRT TD LIFT 

PLATE AWAy 
FPOA^TKC 








V [ ( n 



V“\ 

N 




; 1 X 



tHE EARTH BERTS A RjRCC 
OHTOMOCMi ^ 

THOO-iAWS Of MIL66 
SIWLARL-j, OfJf El£CTt?lC 
OW&C E«RTS fOpCES W 
OTHER CUPP6fe WICH ARE. 
4EPARATEP TROM tT |H &?A06 . 



• ♦ 




HOW CAN ONE OWKT KEPT A Rjfce ON AlC?THER 
WHICH IT IS NOT TOUCH 1 M 6 T HOW CM THE TCKE 6 ET 
ACROSS SPACei HOW fast Does IT 6TT Tuepe^ 



faster t«m> 

A $PCCD(N6 
CAffElNC 
APpICTl 












'17 



Fiet-ei . 




h Of THE AN^Ce 

14 To iMMhne twat the 
EARTH FILL4 4PACE WITH 

it 16 the 

FIELD (idWTftCT n 161) THAT 
CW6E6 THC FbR^ OT* 
MA6666 WITHIN IT- 



6lMilARl^ A CHAR&( 6PACC WITH AH 



\vnr' 






mm 



' XT \ 
flUS 
SPACE. I 



WUEM AMOTHER 
CHAROe 16 IN THE 
EL£CTWC FiELP, 

electric FDPCB 

ACT ON IT t 




WE CPU Vl60AU2e THE ELECTRIC FlELP 1MA6 iM 1H5 THAT 
WE Ate aRR^IH6 A SMALL P06'TNE TE6T CHARGE ARooNO 
AW MWflHG THE WRECncW OF TVS FOCCe ON TT. HeRE RlUfeO 
W<6 A 6IN6CE tWTIvf CRARGf, AW I'M A,CW(»»G TUE T«r 
CtiAR 6 e Apcyw- 






MfO If VIE. ( 

HUBS. T 

gfCoMt^ 

, 

f r 


-owHecT % 

FIEUP 

PicTvRE 







fltiv LIME^ (m ^ VEPl COWlNClr^ fItTWe of ELKtWC 
FlELCSf FOR EXAMPU, TOR T*0 SHBAtTfMO - 




THE FiCLP LiMR BC6tN AT T«f PO«WC CHARGE AH? WP AT 
THe HEOATIVC CHARGE: THE MKATNE CHAR^ PUUG A 
fcGtTWE TEST CHARGe (H IRbM AM'^ pIReC-TtOM. 




1HE ELK.TRlt FIELP CKERT4 FoPCE5 OH CHfcR6e5,tBER£ 
ENEMV »<rrn THE PO^moM OF ^ PARTiat W 

THE FKLO. HERE RIK 60 HOtPS k POWWe ^HAWE, AMR, 
^mw6 FAR AWAV, 1 W?1H6 A ««AU PO(H-nVE i&T 
<:HAB6E IM CLIMfc T& tT- 




A^ i /HoVfE W, THE CHAR6E 15 RCPELLEP, «<? | WA^E TO 
EXERT FDR« TO Pl)5H 'T <:i05eR. TORCE T|HR lX5TANCe 
E5>tW-5 ^ CRAR66- 




Of THE TKT CHAB5E. 

IF I RELEASE THE OIAR6E, IT 





WXILD LIKE 1b ATtRIBUT? the PCJTtHTtM. £HCR(« iOLEl'j 
m^ECTtfiC fItLD Of PlM60'i ^rtAR«. 40 Wt PWlPt Oyr Ml 
TKT 4 «*Rfe€ AWflRTTE 



rot^^ntuil - 





TUi 4 tpUAIOt* WhHR A tew 
VlECtRlClWfK^'N- * WEWRES 

eu^PHi fWuie- um-w ^ 

35 x» tocwuwab, WCH a 

NAME Aa i-rt CW, tut 



1 Volt = 11 






A4 »-m NEW P6W10N « » '4 IMPOSTMtr Tb 

UHtW^MO 1 »€ BA^K COH«l£PT‘ 




tf A »nW’/ [^ RMtp 
ATfe-Mi^, TWa 
MEM4 IT 15 PRCFiiJ^ 
TO &|V£ b JOULES 
Of EMER6y 1b CVeft^ 

coulomb THAf »4 

MOVS> FPOM OME 

TEEMIUM. ID -me 

crrrtR- 



- 

* TMKE \i iU.50 A MAlHTATlONAl fmNTlAL * f-V 
the Avury w tw «w«tatioum fittp 






tHEM 








fjR ► 

I M4¥. 



lilT gt VRtTflf»l6 - 

^*«WT 

y 










>WCWJ W* 
'C^RR^'' > R^ftce? 
CWi JoJAC 

!DW 

ORRY 
AWnHlUkf 

• • 




SOMI R«)0, Oi-O XOj. 9m 
'jwSmh »&lfST- _ 
exM M6«X 

AHWCTS THOSe C?'JK'TiOM5. 
IT QA'J PC5CW«K ww 
Hip 
wt If 
<jO\j cm KMJ& ON 
“tWC Ote of 
■r^ W3K. at 

T«U. VOV ^ 

U'TU(/ |«wr 
!<K*T (MhVTVt* 

■weois? cfMUifti 

flCLO< 

•RCN-t^ «E... 









ft Cf.?^OTC« OP 

TW COWJyCTtXJS 
Byfw liWUUTOR, FC* 
EWj#Ptt, T »0 WPTN. nATEs 
WITH A« 8ETWKM THEM. 



h CAPACITOP I? awy?€p fl RCMOVlUfe SoM^+jAR6C 
FRow out PLATE kO PLW»ife rr Ott THE CmtER- 



■»* + 




^ -■ 



-T 




THE Elk^lEST 
WAf TO XX) THIS 
IS To CoMMtST 
THE CAPACrreiR 
FRiEa'i To A 
BATTHPi. THE 

WjrcRT TWP? 
PHAROS FROM 
ONE PLATE TQ 
THE OTHER- 




<mcnoa 



I 

/ 






pwrejiy 



a? 



vAB* iHt tiecflaoTw 

PWW^, K»K> C«M}« 1% WPgP OWTo iw 
Clif»C(TC«. THE M*0«HT OF , 

ru>«pep IS PRoforriqfiM. To THe SKTrtRJ s 
--'I VOLTWyt . SOV^UKITC - 



Q"CV 

Cikagf » eo'iS'OJ'T • 'SotTPSE 



T(€ CO»tST»tW OP PWPOlWIOMM-l^ 

C V> P> NOMKft I>tPEMPt« OV 

TUE 0»KR*tT6R)ST\fS Of THE 
CW»CJT0p tt IS CM-UP THE 

CAR4CITANCE. 



CM’«iTAf*CE K /HaSwRft? if* 

farads, WT0? MiafCL 



CW .1847V THEUlfeW 
THE (mttTMiCE, TW 

MC«E CUMt&C THE 

CM»C\Tofl.C»‘S7D«£- 






Cf#KrT»*CE, IV T0®i, 

K OlBeCTVJ tftoPoftuoWAL 
lb TH€ Nf£A 
Of THE ?IAT|S, 
IMJCR^W 
tbopc^onm.-^ 

6tiw^ mJA. 

The {^t>p 
CU«tR TVe FWtKj 

iHe Ho«f c«»«» 

T««J iJU-t BOLP. 






fn. 




WWT K 
TVW 

fcU/Mi •'''*' 
4 HCCTi_ 

^T»« 

Wfmicc 

liciH 

OtEWiN-^. 




-M® 
ROLLED 
UP \\IJ0 

»• 

CoMPMr 

TU 0 UUB 

P^^KA 6 e 



LFTEP THE afHSVjO. A iHWK>Et», IT 
t»U K Dl^LOMMCCTCP FROfA THE 
WTTEF'/. 'T WtLL REMAIN 

t^uAB^EE' FOP MiWUTC'i, CT 

^L.'THOUW' WLU 

410WLY LEAK WTO -nt AlP- 



eUT, IF > HOW 
C^jfcpaL'j 
8pine> THE LCAP5 
Of- -ntf CtfALfTOft 
TOC?€T«ep-- 

me chab 6 < 
fum A^c>uMo 
THE WR« ^ 
M40 NtVTRAUZe^ 
Tltt FLATCV- 
T«»^ 1 ^ iALLEP 

Pi^>luABWN& the 
CAPACITOR." 






y 





Hova aP»>ClTOM CM 6E 'n> ^TCpE 
CWkR6C Amp tU6R6'^. 

Foe example, a 

FHOT0&PAPNtE‘$ 

ElsaPOWC FLAW 

UHtT vt.^, A LAfifie 

afACnOR T& ^TORC 
eWPW FOR THt 

FLAW Tyge. -rue 

0AirCRV TAKC^ 

AWWT 30SEO)W>S 
TO CUAC66 IT UP- 
TttOi. Wa THE tHAR&e K UEEDGP, ALL Op »T 
WMPeP T«ROW>H -nt FLAW TUSC W W ttiSTNWn 



WHEH THE CAFACnOP CUAROEO, tbSITlVC AMP 
OttARfeCS FACE EACH OTHER AvlO HolP eACH C>TH» ^ 
PLACE ACRC«4 THE W40LATOR -A«P OP COVROf THERE 




I^AHELECtRiC FlCiC! 



V 



IF AH ELFaROH 14 RCIEA4EP NFATi THE NEOATIVC PLATE, THE 
ELECTWC Fieup WIU ACCEUEPAre IT TOWARP THE ft>4ITiVe 
PLATE- IN PACT, IF WE MAKE A 4/AAl-U HOLE IM THE 
P04(TWe PLATE. THE ELECTRON WlU. ZIP THROOdH'. 






HERE WE MAKE UP A 
ENEH^ um>t= the 



^11 im. 



TO CO^^RT eV To Jo«.e4, W 
THC MflHTTlOM 
P^t^Tl^U « : 

1 » CHAP6C Of ^lECTPC^ 

% 

\ VOLT 

* Ui^ia"'’c X \ J/c 
•1.6 TwLe^ 

.DOOOOOftOOOOOOOOOOOlV *) 



iTS T«t PHEPW OF OMC 
ELEiTTROM ff TWE PLMC$ ^Rc 
Tt) OKC VOLT. \P TXt 
FUATB4 HAVE lOO VOUS, THE 
RUeCTftw WfU WvBtoOeV... 



IU-T€CH, VM6 cm uow 
ACCE im^TE 6lAft6E^ TO MUrOH$ OF 
EU^TROH V0L5. 6HT At THfSC 
ELECrtof^ ARE 

(kO$E TO iMi mo Of ARO 

RsUTltffT^ l«0»f M;CT (E 
Tt) OESCeiiC THSM. 
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V 



, 0 US * 



TK fcOlItVtMOlt 

OP m IIWAM PKV^lil^-r 
6(U^tPPt 

Wiotlio W^^TWto 

W)t'l?A9 *''« 

FROM RW*t)ft&tRlN6 
OWH WAMC, WA^ m 
IWVENTIOW OF TME 
CUCTRK. PATTEW IM 




VOtTfc FbUt*P tUAT IF vw PIP 

two WFERtMT /fCTAU‘> w A 
OJEMl^L »TW, A PlFKREWa 
W POItUTiM. WILL APPCN? 
KTWCCN'TVEM- 




MEAW^ TUAT iUAROC 
*WAHT 5 to* AWE FROM 
owe METAL TERMIMAU TO 
THE OTMER- IF 'jn &W«(:TK> 
tWM yKTU A VmE, <rHAAlSF 

WOUtp Fww -ntRouOH tT. 




tl9 




UCRC4 K 
■VOLTWC ccur 
WITH OMt 

FULL VOLT OF 
POUUTIH: ^ 
LWOH WITH W 
NWL<i‘ V 



CStP« 
, NML 



2 IHC. 

NA'L 



LEMOH 



\DUTJ. Mo foiw mT w couttcnufe 

■TUE fOTEJkWt^ ^ UP T(7 EfNt tARW \1>LT^6C4- 



giaaieai^ 



1 VOlT 



1 W 



4 V0UT< TOT^L 



FLMBLifcHT WfTTretl’ 
AtTUfcU^ i 4lM6ti 
<:wwiaL an- ^ true 

BMTttPl, Llkt THf OMt 
w 'JOUP cw, 

OF «VCRAL aLL^ 
COttltaCD IM ^taE4. 
A«wc. TOR Eteo^CAL 
6HM&0L$ 



4lfi6U ^CU. 



-m-- 



WTTER'l 






CURRENT. 




CoRdBfr 1*5 IK ^eSjWO, 



amperes. 




iroMur 
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WE ofraj peMJ m ^KKo«w 
V<tK£, LE^(XN& 

FROPA im WTTWJ'S PC«lTrVC 

THImihAl To -rac >K6».T|\« . 
t6 IP IWATtVE 
FLoygEP f9AT y#.v TW^ 

W iwi«i "CowBnow- 
CUS»cr.* CfPC^CD TC 
FEM- CifiSBi-r, MHO (4 
JlFUJvJCF HCG*Wt 
E(.ECtRCH» W TW OPfWTE 
CTRE!^C»J. H HOiT Cl£CTftiCH 
epfEt-rt, TUCBC rt HO 7i? 
0I4TMOUI4H ecrue» ite^e tuo 
. 5W4l«UT«, 






\nmi ■niP’ electric cuttRaiT im water FuowiMfr twrcm&h 
A PIPE. TUEM WE HM CopREWWgttCe^ - 

Ttt LW«f FHW»CNT 
UKE A SECTION OF FIFE 
F1U£P VlrW &FA'^EL 

RESISTS 

FUW OF 

THE reiCTiOW OF Ft-OWlWfa 
WAT0 eveh heat; t«c 
&FAVa! 







COWIMI »F CHAia 




AN?tfE 


flif 

fUym 






VOITA6C 




WIK 


Piet 



TbSTT A LAR6E fUW, 

OR Current, a kiw 

FRWURe, OR VOLTNiF, 
I4PEDUM& 6^ 

©M ow-wii 

^UAWARUCOTW^ 

ROAtjcW « , ^ 

0Kmi!^! 




tuRIEfn-, |,BR>Al‘i 
Vol.TJ6C,V, MVIPRP 
RpiffANCf R- 
TK6 THf 
vorA^fr tHi Wok 
Current 

iRRoueR A $nen 
RKktnjcc- 



<««'’ LI* |< Wir wimJERSAU*5 Tt'JC. U'Wr eiWKJAlR^ LM*, BUT K 
AFPPotUMkT6U-J TRie <* lutfi inofc-noMS.) 



/»! 

















J 



OHfAS. 

IT PCPao^ ON Tft WTfflfct, — 
THKWW WKH 6 iC* 0*T 
FLOW<, MJO T^E 
tT HtfiT TPWCL- 




THINK Jk<S#« OF V«TtR f LOWIN6 ■rVROOW *. PWRJL Cf OfiFVR. • 
& 4KTION OF PIPE TWa W LOHO m TWCC THE RE^^TANCE- 
ft WIPER Pipe Hft^ l£V> RftKTftNOS. B«ftU« ITOFfCK WW 
4PA«% FOR WftTERTO FLOW - iNP RHrt(r*H££ OCPENCS ON 



THE TVPE OF fiPftVEL 





lw6 rm. 

HIM MSISlk)Kt 



wcpftT Fife, 
LON 




WOE PW. 

LOW M<ISTM« 



NkR»D«i PiK, 
HKMI 

MsraAWE 




D 




I 



iiwoni 6*W«t. l«(< PKiWa fcW6H»N«l, Hiw PW«T»C€ 



UKCTKfc EUSOItK fJlfiEH RE4rtWMC6 K PMPoWtoWft*- To ITS 
IBKfJA ftWO INHCKCLT PRoPoW(ONftl •»> m flW-^ECTicMW- ftRgP 










Lirt PiFFwt^ ^^^vrrY^IS 
wpftREMT imwn^i. l(E^>TivrTT. sow 

U>W ?CS(WW\TH = 

&«C tO«WC 78 W JRV-^ 

»»TU Lew . 



hrti Co»ucT»i» 
UH-tt^ A 6 K 
pevjTivirj- 
Ft^^Tit, 
W», 
(XOTti 



Rewyirj 

S<tUEVi 

6at>, 



^MlVUM 



(>|»V WfcN'T 

mwitRrtw 

M UMT 

»uu, ^ 

THAT IT 
"C^WATK 
tLECTRti 
£NCI ^1 A^ 
UWT!) 



A LAA? flLAMCW |$ 
Lim.'i To KMPoe Of 
TUNGSTEN, wfco. HAS 

A HUCV, HIM® RCWWt^ 
THAN eCtm-- H0*^^ , 

6 KATOJ»V^!<U«!ft 




ije^ttuvipj WAo 
WITH TtwiRtm/rc- 
Rm MOST WATtRiAtS. *r 
(nsR SLOWU-j WITV 
TCWCPA^W. a? 

V1WATIN6 lAOlfCUlB 

IHTtt^FtM INrrM THE 
FtOvJ Of 



FOR feme Mk'rcRiAts, uw 
AMP ALyWHOM, 

TMC te^lST|V\T>i FW4.S TO 

s® 

At VCR^ COLp TfMfSMMtK 
HCM? A8^l-UT£ ^0 
{-ivf cet^ierRFoe^Trtsf 

iWATWiW.'i COMOOCr 
ECeCTR^lTM WITHOUT AM^ 

AT AU- THkfJ 
-n«4 NS cAi-t.a> 





^ THE fWHPECfVt TBIllb A8PUT ^UfCP^yWCToP^ 16 TUAT 
T»Jj CAN CW»J MUW WITHOUT AM^ 1& 

HEAT. THW ^IWWT4 (>J fUpJ PEl?^16T fW 'jEAB^. 
WmeVT E 06 < Of EMEJiW. WfaJCOH^UOTo?'), T«oUW ' 
fl»M6|UC AW tM PARTI4LE A6<iLERATDCl6. U)HH?t 4UWl- 
«TR0W» 6l^t8oMM^T6 6/Mif ELerRiC CuftWMTJ. 







V' 



IH 

P16CCWEPED 4eveRM. 
NEW SupEftC0HWKTll*6 
COWPOUNP^ TV^T 10 *^ 
THElH Rey^tWiTM KT 
«WC>» Hl&NER 
TEMfEWTUre^. M*OUrt> 

-180’ c M« 

<50WP Cold. 

\-r!^ ^ WARM BAT« 

cor«p^?tp v«rTH 
AWOLOTt ZCTO- 







TrtKE COMPOUWrt LWJ 8e CHiaep with 

LlOW v1(TF06EH.-'50 We MAH 4EE ^oME 

SlNLEKlAi- APPt.lfKTi0P$ W W CoMlNb 
PA LeViTATi[i<7 TRMN^-' 




FOft 

1EU W 

CftV WJ k ^ 

MULTlMEm 

im wii-i- 
WTM>(, iuPi^enf; 
fw> PC4 KT»h^C 



N«w4-m»® if9« 
cit> Mr 4 unto- PlWE 
M9 U(CT£< 




T« MCPAWS M5tTfk&f , tOOOl THE MWWS ECM^ 

?* wrr® » t »®» ™ “'■ 

MfMVfiB 1* V01TA« PK)P Of TWC LAW. 




iluB V0tTM»e ■W5F' To TftE 
98R OftB6C tm 
&0IW» Iffo WsAT PK? UWT- 








To 4UR|?EN1^ 'jO{4 mXT 

IRtWf TUC C\K0ir AHp IW 5 JCT 
AMWTR?. 



Tut ««£ CoRbCW \h FLOWO^ EvOyuWfftE IW Tui^ 4(>4»,t 
^IROAt, AVt> V« finiK-T MAW IT PLOW TMRoUiW -ttlt 
AMACTQ^ 1& MPA4UlSt>- 








<)Wj CMP 
IWIMP 

WSP^, 

W TMa»K> 
trOoTOf 

iHe 

tT wnu Tit 
CIWlftTtll 
«TT«£»0fTW 
MjaiACTU 




tfi'jeu 

Couio 

pewiM _ 

WCTA&e 

CUftfttfJT 

To 

CRCyi>TC 

Twe 

Win W>*'< 

C.KM. 



tm 6 ^ two m)it> m 

pifftfEwr e&wuT^, ^w:6 wwew i»e RU 2?^^' 

TUE FILAMEITT Ifi AT Hl&U UMPCRAT’uRt Ctt© HlfeHCR 

rS^VTAW'), VlUCRtA^ W*®* 'T 'WVTM inf 

MtT», "rHC FILWWT K» COOL. 





^ ftHoriAECl F^MlUftR ClKTRjai. OWlt it, TRC 



'MSS? 



THE WHf Cfr 





\om. ^ h 

fNtW’V p» of 

liwt . IT 
MW fMT fmoi \*> 
fRocoop t^comito- 
mxti PihO fQ 

iM wmuL. 

Wiu^ Oi> 

MlOfj. ^ 

U6HT Jots fw 6UT 
^ Lcrr Of i.iW»T 

pep 6tzo}J> 




8l OCfIVTW ^ WffTT OW 
joua PfR $ECOND-^ W 

CfH Rtl*T6 VKTT4 To V0CT4 
ftWO 



Polpa?* WPTf4* = 

OOtltf^ COUlOMgj , 

CoOtOlvC ^6CO^t^ 

VOLTS X AMPS 






Tut PRoWCT of VOUTA^E 

COmNT 

POWIR; 

l> = Vi 

Wcm * V0LT5 f. AMPS 




l|s) tu£ 0? 

OUP m 

M-TACHKP to A 

^ -volt 

m WA'Jt' WE AMP 
OP iuWEMT. P*^ 

T\<G- IS 

f = t Volts it \ AMT 

= 6 W^TTS. 




IH-I 






y 







I NOW ?UT TMRtE > • • , ' • . X « 

C(?UfcL Ll6itT ■ 

SERIK «™ 

f, wrro^ THI4 
"nnei kii 
wiRa» ■^ofrET^a? 

(VC NTC^ THE 
OTHGR 




*Wt J»R6M<WMI)«» TWT ^ LNrf!5 (tftSTW<e v> IHD6l«HP€Nr 
OF iORRSKT TlltevW TW WHICH K IEAW-1 H»f THE CM6 , 
«l»CETEMre«K'W(‘tCfW6FltAMeKroe?6HD$ 



IHl- 





•«£ PCSIWWJC6 
HgitiS w "H-l 0)* TW® 

■mE ^OWCHT 

TUE *iW*t C^«:lk L»6HT. 

Of iOUf>^‘ 

WOMtOK. EC.^ ^ *rHE 
mPttTOGO, »T 
tXlt4»i‘T MCyMUUME (I* 
TUC (JKwiT 




miEK > toiXH lUt LCAP^ Of 
^ ’AH.'T»kE^ 0'S 
T«E LfMH. THe \X)LTU£ ^ 
fcM«. TW UW*P IS 
OK tiWtp Of THE BATTW-i 
foj-TAee 



TW LAWS VWlOe 'JP'tHG '^LTAOe, AVO-T«e Of^e 
V0U>^ oRopf Aqtoss THE 6EW CDMVt>Me>"^ ^*- 
TME BMrtW '<XTA6C. 

. v/> V/, 



+ R R R 



V ^ 



I ^ 




W TUE MORt 6WERH 056, WiTW UMKJjM- RCWN«B lV*$6Bie, 

■mt WLT^jC 

; V, V, V, E«){^V,A,^>0 

Wv — 1 V, REPPBorr 

V :^ R, R, eoM^B> 



warn inn> 

UOfT wip M 



H£W. 



THE TOTN. EHCP64 CoMWHep ii THE LMK MUVr EJjgkU T«E 
WCR&4 PR0PUC6P 1^1 TM 8MTCR«J, «> TVE5E MXUGE 
ppop^ Mi^T fPt> TO THE BUfW^ VOtTfcSE. THl^ IS CW-lEP 
THE Loop TWDRB*, or MftKHHOFPj PIWT LAHc. 







y * i(?, , ETC-'l 



IN 6A<:N Of iM TtlKEE B?WS 

LAMPS 6BTS 8NE-TM«> T(l6 OIRPenT 
That a $lN6i.E LAMP weiA* S«r 

m«en comnected alcue 'r»the 

BfTT6»J ANO AT 0»-TH»TO ■!>*€ 
\A?C.TA66. SIMCE POMen IS WXTMf 
TlMfiS OS«ttT, CACU 9ULe IS 
ONE'NWTX A< 9?i0«t* 4 
OHS BOte CoMWCCTEpALewf.' ^ 








*KMEMEC«.VtlTME K ENff6>f f» 





NW LTTS CONMECT TW 8UL8« V MRAU.EL 



tMl LAMP 
<^ 01 NCC 1 E 9 
ttpKUH TQ TMt 
WT 0 N,'WITH 
HOOTltERBUU 



TiiA WW EVHN MLB 6m R>IL K« Of \«LTA6C , WP 
WMR WTW ITS MOWAL Kt6in‘ftCS< THt^ IS TMC WW 
k HCVft IWWLP M»*wy K WKQ> SOT^TE^ 
H.KW RXTUK 4cn RJU WCW5C VOOWt- 





in THE PARALia <»CWT, 

M CURRENT 

Tb PWroe AMOfLOlN 
■n«WW THE TWRS. 



MT TH TOTAL WMVr^^NCt OF THE (IfitUIT IS OW ^Vm 
THAT OF OWE MLB -- TWRC IS TW» TIMES AS MWCH , 
•AWA OF 6RNEU" tt> FLOW THROWM- THIS MfsEs IT CASlCR! 

TV6N, By 0W« 
lAWi THto flWS 
As Much ajtfoir 
fAH aow -fURCOW 

■nc G»^JIT ASA 
WttiLe. 




■TS 



To yp. V»msi EK« CW*Pt)MCNT 6ET$ TUE 5M« 
VOLTAW.AW PRAVJ$ A CURKVr i \vNBftsaj VWPoRTICAiAU 
■ft m rp^tanck, oW'k's LAifi 4 . 

i> 




• • • • 
l=l,+ IxH, 



WycT ft THE <:i«»rT ttl CWEREKT PARTS OF THE CRCWT? 
TVC doRRBJT FL0WH6 'Wft AW 'WWTON kd Tyt OBOKT 
MU9T THE $U»A OF Tilt OJC6EH15 FIOWIU& OWT- 
CURREMT ft THE FU)W OF 0*AR&E, WHW ft COftEftW) 



Tt€ PWX.T IS cma 

THE JUNCTION 
THEOREM, OP 

fClRCHHOFF’5 
^ECONP LAW: 




the CuRPQtT FWWW IWTP AW 

OWCTIOP e^AlS THE ajw OF 
THE iURREKTS HCWH6 On. 







HERE V> ^N 



it* 






I’M 601N& TO HOOk UP ^ 
fiO YiWT SOtA#.^ 
100-WMf BUL8 W ^RIE»- 

svV'O, 

V - /tr\i 




oh! 1' 

U)VC , 

.ml 



60 wwT 

BUL& IS 

MUHfTER!! 

^iHirs SCHH6 
OK m^. 



RW-T Rt/HEMBER “THMT T« WftrT ABE^ OKtl 

IF THE BW.6^ WS Pty&6CP W ALOKE, NOT IM^ERIP. 

X HOW MUCH VOLTAGE 



tHED OlVlPt 
UP THE , 

v^voltase'v 



POE^ IHV BULK IK 

<eRir get? both 

BULgS 6ETTHE 
^ CORR 0 TT I, 
40 OHMS LAW 



THE VOLTAGE PAW 
ACRD^ each BUtg. 








MQVJ me 

6o-w»ttt rw 

W. 6 RC»CR 
RtWMKC-- 

nmt PLU669 
IH MOK. 

IT 

Lt«.40PKI»T 
|k(n> 6 L 0 «l^ 
Lt9> 

w&uu'i. 



mioo- 
viRT sua. ( t 
WTULW ^ 
Rt^MfcUCt, 

MRE 

MHEN PtU6Wt> 
IN MONC 



»/r IN (ERlEI, 

TUt fco wm 

BOtB.WtTH 

H 16 «ER 

R£^ktan«, 6er? 

MORE 

VOLTAGE. 











\ 



^EVERiL THOOW'NR ^EWW *60. ^nt «RKK^ W^COVERER TMT 

^EUTf'w Metallic Rim FROM the pi«TRia of 

MA&NP^IA IH W'NOR Wouu> *ttr*.ct irw. m^k 
KS" CTU R»«‘' W«-»t »l*t Wf-MET 








w m^o TWtr wjuw ToLg^ J.T1WT, wmtE 




\«» 






THT 

PICLO LWi 
mj ^To? 0 ? 
eW9, Bur 
PM 

1HP0O6*^ T« 
M*6f*6T RWM 

NORTl^^ 

ClO«P 




wi 





OP UHTIL THE 'i&fi 

1820 

EVERilOW •moUfiHT 

m 

ELcciRtciri WffE 

COMPLETEL’i 

^ARPte- 




etecTRic\T>i» 

To p*1 WiTfl 
EACH OTHER? 

' HA HA HA 



BUT m THAT the 
CAMi^PUH^ia-jT WANS 

(im-18^0 PlSCOVERCO 

THAT A CWPA54 NEECIE WAS 
PCFLECTEP 6<j Ml ELECTWC / 

CU?ReNT. / 



if 



ilcvl 








J 










HSRE A M^&UETu: flELp 
W WILL make £MAR 6 ep 
PARTlCLf^ OaCll 
lt^CJCFI^U•T£L^^ gCTWEEH 
TV© UEAR?V 0W0W6. 
paE 




THE AAA6VUTIC FIELP >ETWEEM T«C WiCR ALV;/W< 
WPPEHPCOCAft T!?THE FARTiCLE'^ VCLOCiXy : 4o THE 

FORCE, 

PERpewoicotAR 

TOBOT)\, 

PWN-rt 
TO THE 
CEMTER. 

OP "me 
ClRCLt’ 




Twi^ ppcJVipK Jvst the 

CEMTRli>CTRL FORCE 
fiEEOCP TO KEEP THE 

particle in circular 

MCniCH' «EN FROM 
AfeVe, IT LOOIC^ LIKE 

familiar Picture-. 





This 5 THE iK^i 
^ TRC LAR 6 E 

particle 

KCELERATCftS WD 
i»TDt?ACt R(tJ 64 . 
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MA&NET< EUGRT PORcCS ON 
iw)'iiN6 rwnicuc^ - nno, 
OCR4TCP 6WilEl>i 
CHIkRC«^ HAO 
CK^n MAC»f*T\cPiBl-PG. 
T^»,T4 VJHK’’ OEfLiCTcO 




to WAWNC tut ^PlKT CfkSC. LET iK A CORfttMT- 
CW?R'<HJ6 WIRE 4TRNWff THROOW* A PtAHE COVER® '}i\TVf 
CoMfA^’^ MttPLK- 




s 



<* ^ — - -g (S. 





CURIIENT 



THE VBEfLC^ >JWG VP 'N ORCLB ^eOOW? THE 




THE 

PELP Of A CoRfttW 
l« i«£LC^ CCMT«eP 
0^ THC (Pl?e amp 
W lNb IN PUN€ 
pgRpewpiCuLAR 
TD TVG CURRENT. 
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1$ kNCM/N M TOE 

right - hand 
rule. 



'JOU CJkt< Pim> tHE 
PtRECnoW OF THE Mft&neTt 
FIELO W POlWTm& THE 
TKUWe OF WF WWT 

Moh 6 TrtC OlMCTfON 
OF Tft£ FLOW OF Fo4mvE 

CUPL IFI THE PlpgCnON 
OF THE MKfewent F(eu>. 



Cy(ue»JT 





TWO ?W?Mi.CL CyRdCUR JfTTftiiCr 
EfkQi OTHER. THE MWrtJETit flELp 
ORCLftJfe 6KCH WIRE CR«e RoKK 
OM TOt CURRENT IN THE OTOCR 
WIRE , puUlNfe IT CLOSER, 

4EE IF -JOU OM CONVINCE '<WRSEtF 
TW TRl^ THE RlWT PlRECnoU, 
0MR6 THE RlC-KT.HNjp RUlC! 




Mnte, 

Oiscoveua 

oF--n«ft)K£ 

66T1MKH 

WflP^P 






\? WE BEMO A CURRENT- WtRE mT& 

^ CIRCLE, We GET MAGwETlC FIELP' 




2 



HOTiCf THfcT OfJE 410E LO0K< JWT 

LIKE#. ufOKTOPo^-^-"^”^ 

FIELP 11NE< CDMilNb OUT— 
THE OT«CR 40V LOOKS LIKE A 

JOUTM 

LIHE4 &OIN& W' •• 



W *1W0I«& m*vh Turw^, 

TVS Nl*&HETtC FIELO W MAPS 
PPC^oRTIOfJAl-L'f LARSER. I'l 
WlWPlNfr TUW*4 W.0N6 A 
MLIKPCR. WE &ET A 



WTH A IAA&KC1IL FIELP 
JWT LIKE A BAR MAWET 



ia^ivfXffXs 

I & *£F *&Y ** I * * * IS 



j 





' «M}B£ '*1JK SFTTiUO CoWPUSec 
NltH ALL TUC« MMrWexiC Wfl> 
I ElKTRiC REtP^. WTPt^C 

' TftE Row WERE Fiuai 
wiw TtteiA — How fjoyuo 
’joy Ww. AHP «0W WWLP 
•jou KWOW WHICH 
W'lCH’’. 



\H FKX the room 1$ 

RLLEO tHGRt% 

THE EARTH'J MMNETiC FlELfl, 
frHtJ-WE ELECTRIC AnO 
M*6NETrc FIELDS Of 6M>iO 
WAVE*i Tttttr yOV CAU FICR 
UP wnH AM AHtenwA- 
(the electric. RELD op RAtHO 
VftV&? MOVW THE O^WjR 
IM TW AWTENNA.) 
iOV CAM TKT R)R fAAbMETiC 
FIELDS Wnn A CcMPA«, 

OR ^Tuo'JlMfe THE ^KuiUji 

FORCSA OM M0VIN6 CHARGES- 









WSRt m THE CWA.R&CS THfcT CRC^TE m MWH£t(C 
FlSLP Of IRON WA^ET? 'VRE'J tLCClRW^ W 

TME 'Ron atow^ TvitfAEct-Vts ' 




f. MiVlfcTVftf 
.>'AGW>' > 



AH CLtCTRON 0R91TING THE 
ATPWC MUiLEUE K LiH6 A J^CA' 
4MALL CiRCtJlAR CUP^EHT, 

GO n PPOPUCK AN 

mm MA«Nmc 

flEl4). AL50, The EiKTeon ^ 
GpmG OH rtt OWN WCIG, 

GCNCRATINb A ^ y 

5PIN HMNETK FIEIR 



ly 



0Rfrr*t 



ibo 




■>0^ l>* 

G»iiaLL0> OUT 8^ 
lumOMCTit fitm 
OF CnHff VSCrWt^ ■ 




^ M 



IK MACNETiC WiMtaM-'r-UKC TIAC MPTW.? 

IRON, NICKEL, » C05AUT 

Lone TWf^T COFnRiBUTE Fi M^GHtnc 

ptU? TO tWH ATOM. 

N 

...A«> 

fUpTKa^«0?6, 



m TU«E ‘KBROHPi&Hfcllt" >ToW 

LWri « miVlR Mfc^-nc FIELPV W.U TOKT W 11,6 

JAW Wtioh. result. A BIO MAOWETI^ 






















iLL THE 'N MiCilOSCoPiC RsdlCVi Of THE MmR'W-, 

CMLEP pOMMN^, t» line up, Rut in unma6neti^R) 

IROW, THE DOMAINS ARE RAWPO^l-'f ORlWIVt?. WHC« THE 
IRON K PlACCR IN A MA&NBTiC FICI.D, THE DOMAW4 TENR 
TO UW6 UP With the FIELP. AHP the \PoN RFCoMe4 
MA&WETltEI>. 




OUMAWJETlteO 



MA(?NETn£P 




tout tUCTAL ►RE WH&MtTlCHUt'J *mv.’ IT t^KtS A 

TO orient TRtiR POMMN^- 






An M.LCJ^ of M-VMlHUJJjHlCKEl- 
COtALT. IRoM. MO CoffCPi 14 
VEW MAbHETiCALl-H UMP' 
?OpE WON, Ot»THt OTHER _ 
HANO MAWlETiCRai *WFT ^ 
EA^.lL'f fW&NCraEO , BOT 
EA41L>1 OEMA&HETtzft> 

pcMoViNt THE External neio- 




Tur FEDOOMAfaHETiC CFFKT OPtRATC4 ONW «6WW A OaTlCAl. 

Tb(«PWATORI,TTO*C P 14 RUPT 5 

iWM?Vi4Ti4M 




Fre4yMK6Ly, THE »^TH'5 flWj«.TI4*' 
« CR04W CWCUtATiNfe 
ELECTRIC RELOS IN THE EARTH'S 
CORE- THE EXACT WEOlWiCM 
KEMWW4 A A't^TERH- 
FIND rr BATHER AW^iH&TUAT 
THE FIR4T MA&NETiC EPFECT4 
EVER Dl4(WCRE0 ARt 4TILL 
^toT 4ATiSFAcroRiL'; explaiurdT 




j 









FOR T«l« '^EARi »TCR 
OEWTSDS Ol^CWCt^f, 
’'ELCCT«QA>J^' lookcd 
FOR TH6 COMP«l«NT«4 
&FCCT^ HOW TO MAKS 
A MA.6KSTIC ?<CLD PROOUCS 
A CURWNT? AT LA<VT, IN 
IS’W, MiiUWt ftRK>M 
AlAre A S066C«TW~ 




lb<F 



H6« RtN60 TWRl/^T^ MA6W£r 
WTO K LOOP OF WfR6 COMNECTEO 
TO K SeN$4TlVB COftpEKT M^Ta, 

^ (>W.VW0MET6^. THE 
METEf^ NE£DL£ OEPLtUlT^^ 




iMOTHEH to \^^tt CWftEJJT 
IS to PU^C ^ SeCONp LOOT NEAMH 
m EwfiROlu vf voTH ^ utnp^ 
^EN CUP^fiXT W THE UOP 

IS 4»JiTa® OH 0« Off» ^ CUP«>" 

ruL^ ivpoceo M tH6 pk^^t! 




THC 1^ HCUP 

6TrcL, TH6 MCTCR!®6Km$ 
HO CURPEWT. 




PUT VMHCH CyWiCNT^M THC 

recoup LOO? Stfi^r HO 

CU(M%MT iS IH^COO W THE 
FIRST LOOP. 



CvftU>/r ft4uMi»t. 
•01 »Hrr IV T. 





PPiRiM pcscRipepiRii 
■ * tVAT 




«r (JWCWkTED IN 
THC WIftC WHCH»ieii 
rt\RbHPtlc flEtO 

uwes cutac»S 4 
Trtf wipe. 







y/ 




WCH the MA&HET TURU^T 
INTO THC LOOP, PICLD 
LlNC^ CUT TUC W«E, 

SENERW'NI? AV 6 MF TNftr 
TROPUCK ft CuRRtItT, 




WTTD WHEN THE WOP K 
MOVED C«R THE Mft&per. 



IN THE OF TW WIRE U»K, 
*iHEN cuftKNT 14 FiftT Turned 
ON IN ONE WOP, MM-METlC 

piap LiN6^ pdu-d up, cimiwp 

mWA THE OTHER U»P RWD 
PBOCWUb W EMP- 




$V»\T<W 




' TO MOVE 
'.THE MR 6 NET’ 



WHEN THE COftRENT 'iimifHED 
Opf, THE FIELD LINES COUAfTE, 
^ ft&ftlN COTTIN 6 ftCIJoS^ 

THE U>OP. 




V/ 



MILDLY^ 

Bvjr 

WfUl 
. dt50LT..y 




WXuTWOfrH fW»M>W'< WW PlKT Rtceivct) WITH 

TttwpifrtfteMce, tdc>w HtooR cusaRic PewW if feeveRMet' 

By MOVING OlJ-NT COlUf Of WIK MA6I^Tf | 




r 



<u- f 



iOD 



rr If MTOMfUlHb THAT JufT By ARBAM6IHC) 
COPfCT AUD ^TSH. IN A HHOROtLCCTRiC PLA^n; 
ru.uH& WATER CAAi Rotktc turbi)£4 which 
&EWCRATE EWN6H ELtCrUlClTV TO POWGR 

erne? HuwPwof of AwAiyy 






UTS Stucxi FmPM'% tjtKKlMEMT FUPTUtR. WH6H 'NE MOVt THE 
jAMJNtT NcAH the low, (JEKERfcTlMfe tuRftCKrt, WHERE DOCS THE 
' ’fva.’^ C.0« FROM TO MOVE -me eftWAWOMETER WEPCe’ 

ViHEH THE IMOOCED CURRCHt FU?V« 
WTHE WIRE, IT MAKES A MA6>«TIC 
FIELD, this AW6MCTK FiaC> MW 
ilESiST THC MA6MCTS MoTiOHi SO 
WOW tS OWE IN MCrtlNO IT 



1!^ 






% 



WHEH RIH 6 O THRUSTS THE 
NORTH POLE OF THE MA6NET 
WTO TH5 LOOP, TUE CURRCHT 
MUST FLOW W A WRECTIOH 
TO MARE A NORTH POLE 
REPCLLINS THE MA&NCT. 



pw««rt 

M>AdWfT< 

tfOirn 

/hu um 







TUI^ \h worn kS 

fJW (LAW 

mwiTCp Current flows 
IN A oirectiom to 
OFTOSE the CHANOC ■TOAt 
PROPUCED IT. 



LEW’S LAW IS A CONSES^OEHCC OF 
cNERjy Conservation, a 
USC fU. APPUCAFON tS THE 

MAGNETIC ^RAKH USVD 

INTRw.tt’jS. AN CL6CTROMA6N6T 
IS PLACfp NEAR THE TRACK. 
THEN THECuRREW WTUE 

electRoma&nct ivpuccs 
AN OPPOSING Current iN the 
TRACic, SL0W‘N6 the TRoLLC^. 







mmw/mmri 






0 . 




CUCTinc flClOSCMJ 
MO« CUMJGg^,-fkK 
MAV£ H^pii 
ne:TRK: fitup.roo’ 



TUi^ ts 

>WJpe UA5 ^«AR6C^. ^heh 
twy MOvfe, tWCy f66t THt 
MA6MtT<C FORC6 
WmCM ^BM A(^c> 

TUg LOof. 



Ut'^ TW^m< TUft006W TWt FWH^A^ 
bxpbrimBht AOAm \ HoLp 
m Lccp, ftm^o TWB /W^ar. 
WHWj I MDV6| 40 P0C4 T«C 
&Au/ANC^feU(i HWUC. 



• » — T» • ivki ^ 

Cvaasur 15 in[>yca, 

»«r BH WHAT’ 

THE CHAWiE? A«c 

not initially 

/*CN|NS. 4 o HOW 
CM THE MA 6 wrr 

Affect them’ 



RIMOO H^$ DbDOCa WWT 
IT TCOK EjN^reiM TO 
BEAUZE- E\H4TEIH «kVI 
THAT, DE?EMW« on WHO 
WAS «0VIn6,THE<SjWEVT 

i^4owet(mcs puctoA 

A^ACWETu: FIELO AW SOME 
TiMKmAW ELKtrm; FIELP. 

□p;r« 

^ neu>s CAUSE 
ELCCrRlC 
RfLCK 'f 





kfcMU 0»6W)R61lM6- WU. Po -rut C«>CR.WW... 

Tr « SWB® mSB. » » »; 

•RCM-lf AW>VlN6- W K»I01M 0M'-‘i tUCT 'JJQ ARE WOVIN^ 

io^r?[L A=i?n^ T® 



I TWiHK . AW <iTATlOVWWj AW 
RlHfeO V> /WOVIN6. I DCtCCT a 
fAA 6 N 6 TlC FlClP,^WlT<rAM'T 
MOVS 1 M CUAR 6 K, V> IKEW^ 
Itm K AH CLKTRK PiCl-O AL^i 
CA-JW E-J THC ^HAN&ft^fr 

MA6N«Tit FltLp. 




RINW TWW« M 
imiom'i AW I w 
HEDCTEaS CWW A MA&H6W 
FStD AND MOVING CUAR6K, 
V^UICH ACCOUNT FOR TMt 
IHDUCCP CURRENT. 




RmW itCS »HUt A HAeWTit 
ftlU/ 



fVT*i<lV»f ai* I •©* 



RINGO AND I 

disagree on 

WHAT FIELDS 
ARE PRESENT! 




o 





-rui«, IS THE HALLMWIIS Of TUCORV- TWO OKERvERt 

i.i/e RitiOo Wp «C, IFTUEf MOViHfe? VilTtt RE4PKT To 
EACH other, WIU. cm TitfIT MEAAOREMBMTS OF 

KEY PU'i‘7lCAt QUAHtiTlE^ OffUC UMlVCWC! 




UCRC4 AH EUCN^MFIR ILLU^TfltiTlOH: A 4lH6lC EUAl?&E 
lUROU&H 4PKC PA4T R1M6O • 




BM60 SCE5 ft WOVINb CHAJJSe - 
A COMRCHT THAT (jCNtf ATO^ 

A MA6WTIC FltLP' tUC 
OP PWjCi^ C0MPM6 OCfCECR I. 




WT IF I AW MC«AN(» IPITM 
Th6 CHAR«, » ^ VT AS 
^TAHonAtN- IWSe IS HP 
Mk?N€T\C l^iSLCi, fcWO N<i 

cwphss w wyr M=kt«» ' 
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ISRE'^ TUC PINAL 
VJAfW ^iRtPUUHf I >*0* 
XVVO CttA{!&« 

PSAT P1H60- 




Tuty CEPEL E^£H CTTKEI? 
£LBCTRICALL>1 - BOT RW60 
1HCM AWlNe. : TWO 
PARALLEL CURRENTS, iNNicU 
/HTRACT /HA&f'ETIcAtL'yl 




90T TO ME, THE CHARTS frW 
CTATIONWI, <0 ' ^£E ONU'/ 





NOW i LET 8o OP THE CWAR<5fe<. 
TUE-^ FL'» APART 




NOW THE STRWtt PART'- RwW 
SCR AH A-ntPACTNE MAGNETIC 
FORCE BETWEEN ThS CUAP&CS, 
WHICH WPTL'j OFFSETS THE 
REPUWVE ELECTRIC FORCE— 

SO ctN&o SCK the chariae; 
MOVE APART AAOftf SIOWW 
THAN I Po! 



6oT THAT'? RlN&Oi WHO IS 
MOVmfr WITH ReSPCCTTOME, 
MEASURES TWE CHARGES' OWBO 

VCLOClTiJ To EE SLOWER 

THAN I AlEASypt ITK 



mt 5 ^PPAR^^u^ MEftWRlW’ HOVJ Ff.ST THC ^HftR66S 

FL1 A?M»T. 




PljLU|J& tBIO&CRA I^CL6^$C^ 8lo0« R, £ 

ftUP MLOWIM6 ClARfttS Q TR P'-'f 

CUP^ P, «ToPPtM(» CU>CK C . 




W1TU TUt T«m<^ kT REvr W 
PROMT OP lAe, TWC CUAROes 
FLV APART Q\i\aa.1, W 
O-Oi <cc»w>^- 



gor, k<> WG J'^^T 4AW| TM6 
^PEEOINfr RiMW ^EH. A 
/AAfeUCTlC ATRACTIOM THAT 
OCLAi^^ THC FLVW» 

APART. 





RIH6o MEA^RGS a ^ 

niAH 1 t>0-4A'j O'Dl iec, fOR 
THE Cm^ TO fOi APART ! 

HE AL^ \mci‘> TttAT M<j aocx 

TiCJiff Off OHl)^ O.0t IP w 
TlHE IT TC0\< CtoOf To ., 
REACH O-Ol ^C0V><^. COttCUjS<OBi 




WWM 

kS I iPECO W, HE 

ClOVf. TICK OPF 0.01 SECoMW. 

VIHILE Hl^ -nou, Off TWICE- AS 
MUCH- THERE IS 0)1UJ OWE 
THiMfr Itt CAW COWO-OPE. 

RlW>0 OECIPES THAT- 

m lAPP iiWD(Si 





'THAT IS JUST OHE OF THE WURP CWCLuSlOMS OF 
R6UTH/lTy THCORV- ANP THERE ABE MORE - ACC£)W>lH& 
TO EWSTEW , A STAHOWAlPf O&SERVIJl SGB THE 
POLLOWitKS EFFECTS Oi RAPiPW MCVINO oeJECTS: 



^ [LilKW^ 

(It* T« Pl«ca/0N OF /ACTlOfi) 
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WE <»W -m THt EFFECT OF TIME 
PILAT'OM DCWVa> prom 
»^ li, OP^WEF’ FKT^ A 80 UT 
CL6CTftictT-< M^ONCT^yA 
The PUVilt'W Of THE LfrTt 
HINETCEKTH CEKTURV ^LRC^t^ 
KHEWTHW TWtlR C.»- EQC^TTCNE 
PIC? UOT f>6REE W»TH MCWTOM'? 
MECUWk;^, ^HP M04T Of TH0< 
TrtOU«JUT T«e W9m- WW TO 

MOPIFV 1WE ECPOATON^ W 
^OWE WAy- 



. . gtn- OWt-1 ElM^TClM W 
THAT TUC WA^> to 

Revise the vb^ Goncwts 
c>f ^PAfE A«> TIME-.. 






/<i(gsA?>?gis sf" 




IrtWCTOR \*> ^ Coil Of W1?C- 

40fltTIMR IT MW 4URPOUNP W* IROM <i>RE , 
To INdCEWC MW»t*ET(C EFFECT^. 
tLgCTRlC ^MBOL • 



J*I_ JWTl_ 

\W>uc-n)R L tVipuCroR L Virr« 

IRON co(?E . 







IF ^ CyfeREWT tURxW 

WDucroR, ^ WiC*tTic 

f ICLD VJILL ^RWHP >T , 

M W'tt ^• 




LENtS L^V<, T\« IW>X6P 
tWF THE -CHMt&E THAT 

Pft)DuC60 rr IF 'jou "W Tb 
TJW OH Trtc <Cy(»CliT IN t«c 
CDd*. the tttf Mtlwca. £Mf 
, AW THE (CORfSyr CM 
Ofaij gwLp OP ^oWLi- tp '^ou 
1DTURM rr Off, THE 
lMWCa> tMF TWC^ TP 
«S> THtCwRKKT FtXiVJlIfS- 




IF THE CURRCWT 15 CUANWP, 
fAA6FJCT«C HELP LiMPj COT 
ACR055 TUE TUR^ft Of TUE 
05(L, PRoDOCIWb A 

W"D!SE)IW 

EFftCr 




TUKt Ws ^AH BWLP OP Tb 
TH0U^fW5 OF VOW. FPP 
EKWtfU. WUCN -fW OP0J A 
VmTFU, lW5 EMF CM ^toOT 
A 4PM* tHROOW THFAIC, 
KCEPW6 TRE CORPEMT 
FtoyilHO FOR A MOHeiff. 
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•TVIE effect l*> WLOrrfD 
w TUE aPGiS'F 

of ^yTOMO^ite . 



'tus -coa- m 1 W wiNom {[7'^“’ 

FRIIA^R'i V*lt*WH6 
V ttuWOR© » NOHW*4t«> 

WRt, ^Vto f EECC»IP^»1 WNWW? ^ 

OF Of ■nw*^ OF Fwt ( seortioW'j 

Shot tbc w VOtT BMTilt,, 
V»U» Twt POWT^ omi, <.'fincuit«i 

AxutcKT M tut scccwo^kW- ^ ww ^^'vUSr 
SSS^eIt, ^ OF 






UK*' 

COK- 



Tut*. IS PlWnB) W TVE 
wsTw^JTO Torn . . 

SP^SK rVbfNUybh 

<fORK WHW 16 H'TES ^MC 
&KSoU)C. »»'TWFH>#1 f- 
ll-'toLT IS W*.H(f«l> 

TO ^ ^^l6f■VOtT^6e ifWC- 








k VflK. 




WT Uit 

VIUI^U tH6 aO»i A CdW.TWTL<J «:uAN&IN 6 OiR^ON, 
lu MoOf^ W'RlHfr, VWlOt ii AC, REV6R«5 

WRtaiON 110 TIMES EVER*/ SCCoNO! 



Q <-Q <-C? *~Q 
time 








I CM &E«a>TE W W.TERNM1N& 

CURgtNT PH ^ 

C«»?y''reR-UtCt INtAXTOB IH ^ 

rvumw magmetic F«tp- it 

ptvELop^ A iuWE»fr n 
ACftW fUE MA6WTI4 FlCLp 
LINK 



THE AC -mis 
6EWERATCP 
CMi SC TAKQ) 
OFF BH 
4UP WHO 

TH(^ WN 
MOST OF 
OOR. 

ELEilTWC 
ftMJCH 14 
(^CRATEP- 




y 



M»P WWtTOI^ 
UfkMDLC m> DC 
DWERemL'j m inducb> emf 

IK W lUOUCTDd WTCrtC5 
6lKM7e<> IK dUKPCNT fU}WU& 
IK IT. Mm ^C \i MJNK'K 
aW&lKb. tHE iNPOaoR 
RE^4T^ TME FLOW OF ^C- 

(@r 




oK THE (nHER WM»P, 
DC FU#h RlfrHT 
THROUGH Ml MPUCTDK- 




DC, OP COUft^. WOffT FLOW THROU6H ^ CWACITDR—THCRG 
HO CoKNECTIOH WTWEEM TUC CAPKITOR PLHES- BUT 
K CAN "GET -niROlJW A CAPACITOR ! 



IT W»KV Ll*rt THl^ tUWlfrS jM^ AW> FORTH W THE 
<«COlT, AUTCRMATtLT CH*R61N6 t- PLATE, D'^LHARClM^ IT, >>HP 
PMARMH6 n THt OPPO**lt WAV. T«c ^ufiRaiT AWaRJ To 
CQoa TUB S#P 




1 . 



Z. 

1e^ 



M INPWTorS 
TO 

AC OX'Kf’ IT A 
KINP 

IH PM.T. M 

M>ytToc V) w 

tlCtTRiOL 

tmo& » ^ 




'ip MJ IMDUCTW 1^ «rtft¥.UKC, A ^PRtNfr!f- 

V^HEN WTR^ TO PUMP CUWOf TO AM M.t?CAW <^HARfret> 
PUffE, IT ?WIK A 4PRIK&, 



CfcWCiTOR 
KCPEtS AVOfP 




4PRIM(, RtfCW 
»OD0> PRC54URE: 



CoumK-t am 
iMOUCTotv AMP A 
CAPACITcKi IN AM 

AC c^ont. ?w> 

^ wAue- m 

ti^tRldW. ^lyALCNT 
Of— A /y\A<7^ 

ON ^ ^PRiMl? ‘ 








l\\(i ft ftUp Mft«7^ 

IC aptUlTi TCS9 -TO VlgRftTt 

ft FCTFERR5J) (itSt.MftMr) FftQUCW^. 



«Rifi6-«r 






-V-T'AK 

ft940l«) 



T>ffC 
HifrH PMsew^f 



4odH ft diRtorr QftM , 

8f 0^ Ct'11'' 

^Me) To ^ 

WlFlc fRE(?OCH^'J,0(i 
To Tyvf out lUi K 
iH Rftpro. 






'BUT'MI') 

ACwoiJti 



R(^N.L m TW K>UCTlON ei>llf 
FRojft -we FWPw EKPtawKT 
(i* ffm^oJUCNL^m^). 
Ojecon \Mki WDUCCC- W CWc*2 
OM.'f »WtH ■niE ORKWT Ii3 
<nu*i WJi^TuPvePOHOP-OfF- 
OM.'J alW*(7l^^fe CUMEMT CPW 
IMpyCE cvft(®Jr, 



THE 0ESTPW?T Tril^- TU£ 
WDUCCP Ol.T»6C 15 
PfiCTWTOUH TO T« 

TURKS RATIO •• , 

m Moa TURVI5 IN Q5lL*l. 
pf> Co«>MieP To tOlL*<, Tpe 

W6HCR the voltA&c ncoop 

Id CO\L*V 
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!\ ^ 

STCr?'Vb U? VOLTKbE 



WWN VblT«« 



If 15 t«ff TO 5EE WJ - 'M 
Tit 5CC0«)Em. TU6 /tORE WiRt X 
CWT ?4 THC C<mb»ib 
FltUR U»JC5, fW *0f* 

GtVW^TtD- If 



■\v.en 






m R65UtTU<6 KVWS, fC* 
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If you think « nesativc charge is something that shows up on your credit 
card biU^if you imagine that Ohm's Law dictates how long to meditate-'if 
you believe that Newtonian mechanics will fix your car— you need 
The Csrtoon Guide to Physics to set you straight. 

You don't have to be a scientist to grasp these and many other complex 
ideas, because The Cartoon Guide to Physks explains them all: 
velocity, acceleration, explosions, electricity and magnetism, circuits^ 
even a taste of relativKy thcory^and much more, in simple, clear, and, 
yes, funny illustrations. Htysks wW never be the same! 



"I really like your books as pure entertainment, but have 
found them to be helpful teaching tools as well. 1 give them 
out as 'thank-yous* on a regular basis.' 

— Amo Penzias, Nobel laureate in physics for discovering the 
cosmic backgrouTKf radiation left over from the Big Bang 
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